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(57) This invention provides for compositions for 
use In real time nucleic acid detection processes. Such 
real time nucleic acid detection processes are carried 
out with energy transfer elements attached to nucleic 
acid primersi nucleotides, nucleic acid probes ornucleic 
acid binding agents. Real time nucleic acid detection al- 
lows for the qualitative or quantitative detection or de- 
termination of single-stranded or doublestranded nucle- 



ic acids of interest in a sample. Other processes are pro- 
vided by this invention including processes for removing 
a portion of a homopolymeric sequence; e.g., poly A se- . 
quence or tail, from an anaiyte or library of analytes. 
Compositions useful in carrying out such removal proc- 
esses are also described and provided. 
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Description 

FIELD OF THE INVENTION 

s [0001] This invention relates to the field of nucleic acid technology. More particularly, this invention relates to com- 
positions, including compositions comprising nucleic acid primers or constructs and their use In nucieic acid determi- 
nations, analyses and real-time nucleic acid detection processes. 

[0002] All patents, patent applications, patent publications, scientific articles and the like, cited or identified in this 
application are hereby incorporated by reference in their entirety in order to describe more fully the state of the art to 
10 which the present Invention pertains. 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0003] This application is related to concurrently filed U.S. Patent Application Serial No. 10/096,075, filed on March 
IS 12, 2002, Rabbani et al., that application being titled "Labeling Reagents and Labeled Targets, Target Labeling Proc- 
esses and Other Processes for Using Same in Nucleic Acid Determinations and Analyses." The contents of the afore- 
mentioned Serial No. 10/096,075 are hereby incorporated by reference in their entirety. 
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BACKGROUND OF THE INVENTION 

[0004] For purposes of organization, this background has been divided into seven parts as follows: 



(1) Reactive Groups of Labeling Reagents 

(2) Linker Arms for Connecting Labels to Targets 
25 (3) Porphyrin Fluorescent Dyes as Labels 

(4) Alterations in Fluorescent Properties 

(5) Fluorescent Intercalators 

(6) Chemiluminescence 

(6) Real Time Detection through Fluorescence 
30 (7) Primer Binding Sequences in. Analytes 

(1) ReactivjB Groups of Labeling Reagents 

[0005] The use of non-radioactive labels in biochemistry and molecular biology has grown exponentially in recent 

35 years. Among the various compounds used as non-radioactive labels, aromatic dyes that produce fluorescent or lu- 
minescent signal are especially useful. Notable examples of such compounds include fluorescein, rhodamine, coumarin 
and cyanine dyes such as Cy3 and Cy5. Composite dyes have also been synthesized by fusing two different dyes 
together (Lee et al.. (1992) Nucl. Acids Res. 20; 2471-2488; Lee et al., U.S. Patent No. 5,945,526 and Waggoner et 
al., in U.S. Patent No. 6,008,373, all of which are hereby incorporated by reference). 

40 [0006] No n -radioactive labeling methods were initially developed to attach signal-generating groups onto proteins. 
This was achieved by modifying labels with chemical groups such that they would be capable of reacting with the 
amine, thiol, and hydroxyl groups that are naturally present on proteins. Examples of reactive groups that were used 
for this purpose included activated esters such as N-hydroxysuccinimide esters, isothiocyanates and other compounds. 
Consequently, when it became desirable to label nucleotides and nucleic acids by non-radioactive means, methods. 

^5 were developed to convert nucleotides and polynucleotides into a form that made them functionally similar to proteins. 
For instance, U.S. Patent No, 4,711 ,955 (incorporated by reference) disclosed the addition of amines to the 8-position 
of a purine, the 5-position of a pyrimidine and the 7- position of a deazapurine. The same methods that could add a 
label to the amine group of a protein could now be applied towards these modified nucleotides. 
[0007] Among the compounds used as fluorescent labels, the cyanine-based dyes have become widely used since 

so they have high extinction coefficients and narrow emission bands. Furthermore, modifications can be made in their 
structure that can alter the particular wavelengths where these compounds will absorb and fluoresce light. The cyanine 
. dyes have the general structure comprising two indolenine based rings connected by a series of conjugated double 
bonds. The dyes are classified by the number (n) of central double bonds connecting the two ring structures; mono- 
carbocyanine or trimethinecarbocyanlne when n=1 ; dicarbocyanine or pentamethinecarbocyanine when n=2; and tri- 

ss carbocyanine or heptamethlnecarbocyanine when n=3. The spectral characteristics of the cyanine dyes have been 
observed to follow specific empirical rules. For example, each additional conjugated double bond between the rings 
will raise the absorption and emission maximum about 100 nm. Thus, when a compound with n=1 has a maximum 
^ absorption of approximately 550 nm, equivalent compounds with n=2 and n=3 will have maximum absorptions of 650 
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nm and 750 nm respectively. Addition of aromatic groups to the sides of the molecules can shift the absorption by- 15 
nm to a longer wavelength. The groups comprising the indolenine ring can also contribute to the absorption and emis- 
sion characteristics. Using the values obtained with gem-dimethyl group as a reference point, oxygen, substituted in 
the ring for the gem-dimethyl group decreases the absorption and emission maxima by approximately 50 nm. In con- 
trast, substitution of sulfur increases the absorption and emission maxima by about 25 nm. R groups on the aromatic 
rings such as alkyi, alkyl-sulfonate and alkyl-carboxylate have little effect on the absorption and emission maxima of 
the cyanlne dyes (U.S. Patent No. 6,110,630). 

[0008] Cyanine dyes synthesized with amis containing functional groups have been prepared with iodoacetamide, • 
isothiocyanate and succinimidyl esters that react with sulfhydryl groups on proteins (Ernst, et al.,(1989). Cytometry 10, 
3-10; Mujumdar, et al., (1989), Cytometry J[0, 11-19; Southwick, et al., (1990) Cytometry JJ^. 4187-430). A new series 
of modified dyes were prepared which contained a sulfonate group on the phenyl portion of the indolenine ring. (Mu- 
jumdar et al., (1993) Bioconjugate Chemistry 4; 105-111 hereby incorporated by reference) that increased the water 
solubility of the dyes. These dyes were activated by treatment with disuccinimidyl carbonate to fonm succinimidyl esters 
that were then used to label proteins by substitution at the amine groups. Other activating groups have since been 
placed on the cyanine dyes. In U.S. Patent No. 5,627,027 and U.S. Patent No. 5,268,486 (incorporated by reference), 
cyanine dyes were prepared which comprise isothiocyanate, isocyanate. monochlorotriazine, dichlorotriazine, mono 
or dl-halogen substituted pyridine, mono or di-halogen substituted diazine, aziridine, sulfonyi halide, acid hallde. hy- 
droxy-succinlmide ester, hydroxy-sulfosuccinimide ester, imido esters, glyoxal groups and aldehydes and other groups, 
all of which can form a covalent bond with an amine, thiol or hydroxyl group on a target molecule. 
[0009] In U.S. Patent No. 6, 1 1 0,630 (incorporated by reference), cyanine dyes were prepared with a series of reactive 
groups derived from N-hydroxynaphthalimide. These, groups included hydroxys uccinimide, para-nitrophenoli N-hy- 
droxyphtalimide and N-hydroxynaphtalimide all of which can react with nucleotides modified with primary amines . The 
same chemical reactions that have been described above have also been used in U.S. Patent No. 6,114,350 (incor- 
porated by reference) but with the constituents reversed. In this disclosure, the cyanine dyes were modified with amine, 
sulfhydryl or hydroxyl groups and the target molecules were modified to comprise the appropriate reactive groups. 
[0010] Cyanine dyes containing amis that comprise reactive functional groups have been prepared by the general 
scheme in which the entire heterocyclic compound comprising the two indolenine structures and the Intervening un- . 
saturated chain was synthesized first; the terminal reactive groups or any other functionality necessary to link the dyes 
to proteins or nucleic acids were then added after the completion of the whole dimeric dye unit. 

(2) Linker Arms for Connecting Labeis to Targets 

[0011] Labeled nucleotides have been used for the synthesis of DNA and RNA probes in many enzymatic methods 
including terminal transferase labeling, nick translation, random priming, reverse transcription, RNA transcription and 
35 primer extension. Labeled phosphoramidite versions of these nucleotides have also been used with automated syn- . 
thesizers to prepare labeled oligonucleotides. The resulting labeled probes are widely used in such standard proce- 
dures as northern blotting. Southern blotting, in situ hybridization, RNAse protection assays. DNA sequencing reac- 
tions. ONA and RNA microarray analysis and chromosome painting. 

[0012] There is an extensive literature on chemical modification of nucleic acids by means of which a signal moiety 
^ is directly or indirectly attached to a nucleic acid. Primary concems of this art have been with regard to which site in a' 
nucleic acid is used for attachment i.e. sugar, base or phosphate analogues and whether these sites are disruptive or 
non-disruptive (see for instance the disclosures of U.S. Patent No. 4,711,955 and U.S. Patent No. 5,241,060; both 
patents incorporated by reference), the chemistry at the site of attachment that allows linkage to a reactive group or 
signaling moiety a spacer group usually consisting of a single aromatic group (U.S. Patent Nos. 4,952,685 and 
45 5,01 3,831 , both hereby Incorporated by reference) or a carison/carbon aliphatic chain to provide distance between the 
nucleic acid and a reactive group or signaling moiety and a reactive group at the end of the spacer such as an OH, 
NH, SH or some other group that can allow coupling to a signaling moiety and the nature o( the signaling moiety. 
[001 3] Although the foregoing have all been descriptions of the various aspects that are concerned with the synthesis 
of modified nucleotides and polynucleotides, they have also been shown to be significant factors with regard to the 
so properties of the resultant nucleotides and polynucleotides. Indeed, there have been numerous demonstrations that 
the modified nucleotides described in the present art have shortcomings compared to unmodified nucleotides. 
[001 4] For instance, these factors can have major impact on the ability of these modified nucleotides to be incorpo- 
rated by polymerases. A consequence of this is that when using a modified base as the sole source of that particular 
nucleotide, there may be a loss in the amount of nucleic acid synthesis compared to a reaction with unmodified nucle- 
us otides. As a result of this, modified nucleotides are usually employed as part of a mixture of modified and unmodified 
versions of a given nucleotide. Although this restores synthesis to levels comparable to reactions without any modified 
nucleotides, a bias is often seen against the use of the modified version of the nucleotide. As such, the final proportion 
of modified/unmodified nucleotide may be much lower than the ratio of the.reagents. Users then have a choice of either 
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using nucleic acids that are minimally labeled or of f "'^^^/f,,!;^^;^^ 

,.atLycomprisea.inkeram.aa^^^^^^^^^ 

seen As such, the foregoing problem is imeiy lo oe uue 

me active site where synthesis is taking place. oligonucleotide synthesizers where an 

00151 Difficulties in the use of P^'V-^^-^.^^^ " tlf^^^^^^^ can be used to produce labeled nucleic acids 

ordered chemical joining of phosphoramidite <^«"^,f "'^^^'^^^^^^^^ can even be problematic in this system, 
of interest. However, the presence of signal agents or^^oM nucieot . efficiency as the chain is . 

Fo nsta^ce, a phosphoramidite of a ^'^^^^^^^^ successive use of modified nucleotides 

extended. Although this may be problemanc in itself "^'^"'P'^;"J;^';^,,3j^e loss of .product. Additionally, chemical 
fn a sequence for a synthetic oligonucleotide '^^^'^'^'jj'^^^^ where labeled nucleic acids ne^ 

synthesis is in itself not always an appropnate f "^"^ part of synthetic approaches is a necessity 

0 be of larger lengths than is practical for « sy"the.^r. A^^^^^^^^^^ .ntr.s p y ^^^^^.^ 
Lr a discrete sequence for the nucleic acid. For many P"fP°ss^' ° P"" 

^p acS larg'e number of different species for ^^^^i,^^^.. or polynucleotide is to use a non- 
5 rool 61 An example of a method to increase the yield °' ° ^ ^ polymerase oran oligonucleotide 

nterfelinggroupsuchasanallylaminemodifiedana^^^^^^^^^ 
ynthesiz^. Labeling is then carried out post-^^^^^^^^^ 

reactive allylamine moieties. However, in this case, f '""^^ ^^^^.^ g^up to the allylamine. For instance, 
may still be problems of the coupling efficiencies of ^^^^^'^^^^^^^^^^ efficient for double-stranded DNA com- 
« coupling of labels to allylamine moieties in ^ ""^'^'^^^^^^'XTor^^ the functionality of the modification may be 

25 and the nucleotide and polynucleotide. have been carried out in several ways. For instance, attachment 

?00171 Attemptstolimitthesedeleterious.nteractionshavebeenc^^^^^^ p^^^^, No. 4,711 ,955) or a 

Tthl a- to the base has been carried out with e.t er of the linker a-y from the 

triple bond alkyne group (U.S. Patent No. ^.O'^/f ^^^^ „is rigidity is limited to only the vicinity 

nucleotide or polynucleotide. However, this ^proach ^ "'^-^^J .^ve been carried out by having 

30 oftheattachmentofthelinkertothebase.lnadditionattem^^^^^^^^ 

the am, displace the active or signal group ^'^^^^'^'^ ^^^^^^^^^ carbon aliphatic chain (Cat. No. 42724 . 

. For instance, a commercially available '"°*''^f ""^^/f^^^^^^^^^^^ m Je^used for signal generation. This product 
ENZO Biochem. Inc. New York. NY) between the ^",3^ (Cat. Nos. 42722 and 42723^f 

'^further improved by the substitution of hnkers wit^^^ 

35 available from ENZO Biochem, Inc. New York ^JV A compans 3413.3422). A direct improvement in 

amis and a cyanine dye labeled nucleotide (Zhu et al., 1 ^^^^ N"^'-^^^' -^^ 24. However, even with the longes 
effidency was noted as the length was increased from 1 ^ ^ of the fluorescent marker in temis of 

nature of the spacer. No. 5,948,648. Khan et al, have disclosed ttie use 

rooi81 in an attempt to circumvent this problem, in aS P^^em J^^^^^^ rnethod employs highly non- 

mediates used to make the labeled compound nucleotides which have incorporated "^e foregoing 

[0019] The continued difficulties in using ^'''''^'^''.Z^^^^^^ 
so ea uris demonstrates that there are still deletenous '"^J art. Although the foregoing has been 

, " nucleotide and the moiety at the °' ^^^^.^^ P^ ^-^-ed with other groups for wh.ch it may 

described with respect to attachment to nucleic acias. inese p 
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(3) Porphyrin Fluorescent Dyes as Labels 



(3) Porphyrin Fluorescem uyeo ao h d 

detection of the emission at another wavelength (the Stokes smn, 
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f r such assays When fluorescent 

fare ccmoSy used in ^^^f^:^:^r this aaa^sis are the porphynns^ ^ ^ ^^^^^^ ^^^^ 
0, compounds that has J^^^^"/"^^^^^^^^ energy and efficiently ' ^ .^m^er of n^etallo-porphyrins • 

ro0211 The ability of porphynns to al^soro ug ^^^^^ out by a num Biochemistry 26; 

iysSms. For example, light induced ^'^^^^^^^^^^^^^^ oligonucleotide (0°^";^^^^^^^ .-.ght InducTd ■ 

?ha are either free in solution or attached to a se<,ue P . ^ """"'i J! Ind Photobiology 43; 

^736 6739). One appHcaUon of ^ '^^Vje- J^^^^^^^^^ „ ^t al.. (19B6) ^^^^^l^Z^e^r use as catalytic 
DNA damage after absorpfon of j'^^^^ l,,^ metallo-phorphynns f " ^^^^^^ puthermore, there are 

iirr;r.="H^v— ^^^^^^^ 

(5jFii/*>f«scefit/nterea/ators , „„ o, ONA in many techniques including 

,00.S1 intercalating dyes have been "-^a;"^^ 
hedetectionofONAinelectrophores.^^^^^^^^^ 

Anintercalatingdyewithalongh-ston^opoP^^^^^^^ 

f6; Chemf/uminescence ^^^g^, years. There are 

e„ „„,«!. ana W> - ta" (Wle«ga aL (-972) ™ ,Ta ,ub«,at. In an am,™ 
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PB- 935-938- Schaap et al. (1987) Tetrahedron 
,US patent No.S.07,559,Schaapeta^(198r)Tetr^^^^^^^^^ 

renews 11^3-1163, a..o.wh.. - '"^^^^^^^^^^^ e^.tted ';9.- . deco^^^^^^^^^^^^ 

would taiTe place and '^^ "J^^e JaLs (or this method is °' ™opri^ enzyme results 

100271 A common design of d'oxetane den ^^^^^^.^g g^oup the app P ^ ^^^^ ^.d. . 

iubstJuents Which contain P^^'^'^!'^ ^^^^"^'.^^^^^^^^ unstable and leads to f ,^^^°7XTed brdiffere^^^ 

•„ a negatives ri'^rr^J^^^^^^^^^ -e.u. .or this 

XsThlv^,nciudeda«^^^^^ 

^ong others (for instance, see ^ S- Patent disclosed. For example Urdea na 

^028] variations of this basic ^f^^^'^JJ ^f^T^ ^^'^^^'^^^ . ^0 2^0^^^^^ - '"Sa^^^*^ 

L. 5.1 32.204. incorporated -'-^^^^^^^^ ^ „,,,„d where the ^-^^jfJ^.tT^ ; 5.248.61 8 incorporated 

•;ren°vSc^^^^^^^^^^^^^ 

[0029] Despite ''"P^^f that are currently available P °;i"=;^^^^f„i,,n.in signal. There- 

(7) Real TTme Detection through Fluorescence ^^^^ ^.^^ ^^^^^ 

.0301 Amplificationofnucleicacidsfroma^^^^^^^^^^^^ 

Sogy for this process, the ^°^^::^'Tr.^^l^ZL. other methodologies ^^^^at.^^^^^ Amplification . 
4.683.202 hereby incorporated by [f^^^^^^fj^s^l.t No, 6.004.286). Nu^^^^ ,nd U. 

(:CR)(U.S.PatentNo 5.494. J).GAP-L^^^^^ 

NASBA) (U.S. Patent No. 5.130.238). Amplification (U.S. Patent APP>'«^.3^^"";^^ . 

i patent ..o. 5.455,166) ^^'^^11'^^^'^^^^^^ . 
Application Publication No. EP 0 971 °f ^^^^^^^^ ^^.get has been carried out .n dspecies.ldentification 
0,'an amplified product derived detect the presence of a *^^^^J„td "^^^^^^ and the 

described by Mullis et al., gel ^"f ^= = ^^^/^e'ee of the intended target was de^^'^'^fj;, amplification dictated a 
0, this species as being ^^P^^^^ j^, placement of J^^^ ; ^Ide from non.arget 

use of negative controls lacking ^^^^'^ ^ sequence. Spurious amj'f'ca '°n P , ^ore elaborate 

specific size for the product from as the target denved ^^J^^^^^^^'^'.^'^^ amplification product, 

sequences were unlikely to have the same s^ze p^^ 

J^odshavebe— — ^^^^ 
S't^fC^'J^e^ 

More recently, methods ^^f'.'^fr ' ^" '"'^^tT^Nf 6 74 670 both of which are hereby 

. i.e. "real-time" detection. For '"f^^-^^'^" ^^^e Wittwer et al.. U.S. ^^''''\'^. .^'^^^^^^ exhibitedby the binding 
reaction (Higuchi in U .S. Patent ....^.age of an enhancement ^l^^J'"^'^^^^^^ ean take place post- 

incorporated by reference), '^^•J^J^J^';^^^^^ Measurement of the amoun of nuo«>sce ^^^^^^ 

o, an intercalator to ^o"^'-f J";;Vre2S.n s over, or real time '-^-^^'^^T^^.Z^T^^^^^^ "f 
synthetically in a fluorometer aftj the reac« ^^^^ ^^^.^ 

so olthe reaction by using a special PGR q.c^r rn ^ p ^ ^^^'^ amount of signal 

capillary tubes for the ^^^^J^^^.^rande material rises during the course o ^P d nucleic acid being 

reference). As the amount o double stran ^ "^T^^ ^n^oun^ intercalator and b) inter- 

also increases. The ^-"^'^'^'^^ °' fil Snguishable from the ° 'i,"^^^^^ from the nature of the 

been described by Singer and Haugland u. 
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primers used in PGR reactions were modified with quenchers thereby reducing signal generation of a fluorecent inter- 
calator that was bound to a primer dimer molecule. Signal generation from target derived ampllcons could still take 
place since ampllcons derived from target sequences comprised Intercalators bound to segments that were sufficiently 
• distant from the quenchers. ^ 

5 [0032] Another method of analysis that depends upon incorporation has been described by Nazarenko {U.S. Patent 
No. 5;866,336; incorporated by reference). In this system, signal generation is dependent upon the incorporation of 
primers into double-stranded amplification products. The primers are designed such that they have extra sequences 
added onto their 5' ends. In the absence of amplification, stem-loop structures are fonmed through intramolecular 
hybridization that consequently bring a quencher into proximity with an energy donor thereby preventing fluorescence. 

10 However, when a primer becomes incorporated into double-stranded amplicons, the quencher and donor become 
physically separated and the donor is now able to produce a fluorescent signal. The specificity of this system depends 
upon the specificity of the amplification reaction itself. Since the stem-loop sequences are derived from extra sequenc- 
es, the Tm profile of signal generation is the same whether the amplicons were derived from the appropriate target 
molecules or.from non-target sequences. 

15 [0033] In addition to incorporation based assays, probe based systems have also been used for real-time analysis. 
For instance, a dual probe system can be used in a homogeneous assay to detect the presence of appropriate target 
sequences. In this method, one probe comprises an energy donor and the other probe comprises an energy acceptor 
(European Patent Application Publication No. 0 070 685 by Michael Heller, published Jan 26, 1983). Thus, when the 
target sequence is present, the two probes can bind to adjacent sequences and allow energy transfer to take place. 

20 In the absence of target sequences, the probes remain unbound and no energy transfer takes place. Even if by chance, 
there are non-target sequences in a sample that are sufficiently homologous that binding of one or both probes takes 
place, no signal is generated since energy transfer would require that both probes bind and that they be in a particular 
proximity to each other. Advantage of this system has been taken by Wittwer et al., in U.S. Patent No. 6,174,670 
(incorporated by reference) for real time detection of PGR amplification using the capillary tube equipped PGR machine 

25 described previously. The primer annealing step during each individual cycle can also allovy the simultaneous binding 
of each probe to target sequences providing an assessment of the presence and amount of the target sequences.- In 
a further refinement of this method, one of the primers comprises an energy transfer element and a single energy 
transfer probe is used. Labeled probes have also been used in conjunction with fluorescent intercalators to allow the 
specificity of the probe methodology to be combined with the enhancement of fluorescence derived from- binding to 

30 nucleic acids. This was first described in U.S. Patent No. 4,868,103 and later applied to amplification reactions in PCT 
Int. Appl. WO 99/28500 (both documents incorporated by reference). 

[0034] Probes have also been used that comprise, an energy donor and an energy acceptor in the same nucleic acid. 
In these assays, the energy acceptor "quenches" fluorescent energy emission in the absence of appropriate comple- 
mentary targets. In one system described by Lizardi et al. in U.S. Patent No. 5.11 8,801 . "molecular beacons" are used 

35 where the energy donor and the quencher are kept In proximity by secondary structures with internal base pairing. 
When the target sequences are present, complementary sequences in the Molecular Beacons allow hybridization 
events that destroy this secondary structure thereby allowing energy emission. In another system that has been termed 
Taqman, use is made of the double-stranded selectivity of the exohuciease activity of Taq polymerase (Gelfand et al.. 
U .S. Patent No. 5,21 0,01 5). When target molecules are present, hybridization of the probe to complementary sequenc- 

40 es converts the single-stranded probe into a substrate for the exonuclease. Degradation of the probe separates the 
donor from the quencher thereby releasing light. 

(8) Primer Binding Sequences in Analytes 

45 [0035] One of the characteristics of eucaryotic mRNA is the presence of poly A tails at their 3' ends. This particular 
feature has provided a major advantage in working with mRNA since the poly A segment can be used as a universal 
primer binding site for synthesis of cDNA copies of any eucaryotic mRNA. However, this has also led to a certain bias 
in RNA studies, since the 3* ends of mRNA are easily obtained and thoroughly studied but the 5' ends lack such 
consensus sequences. Thus, a large number of systems have been described whose major purpose has been to 

50 generate clones that have complete representation of the original 5' end sequences. This has also been carried over 
in array analysis for comparative transcription studies. Since substantially all systems used for this purpose are initiated 
by oligo T priming at the 3' end of mRNA, sequences downstream are dependent upon the continuation of synthesis 
away from the 3' starting point. However, it is well known that there is an attenuation effect of polymerization as polymer- 
ases frequentiy fall off of templates after synthesis of a particular number of bases. Another effect is generated by the 

55 presence of RNase H that is a component of most reverse transcriptases. Paused DNA strands may allow digestion 
of the RNA near the 3' end of the ONA thereby separating the uncopied portion of the RNA template from the growing 
DNA strand. This effect may also occur randomly during the course of cDNA synthesis. As such, representation of 
sequences is inversely proportional to their distance from the 3' poly A primer site. 
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I A conments of RNA it Should be recognized that poly 
[0036] Although prior art has capitalized extensive^^^^^^^^^ Another constraint in prior art is that the use 

A mRNA represents only a portion of nucletc ac.ds .n ^^^^^^^^^^^ -.^.erest are unable to enjoy this benefu. 

exon information. systems has necessitated ttie use of alternatives to oligo T 

[00371 The lack of primer consensus ^^-J^f '";*f/^„'2rd out by random priming with octamers (Sellinger et 
priming. In prior art.. bacterial expression stud.es " =f 3 "VlLrs and 8-mers CTalaat et al.. 2000 Nature 

a 2000 Nature Biotechnology 18; 1262-1268), a ^^'^^^^^.f;; .°' ' aT 1999 J. Bact. 181; 6425-6490). The 
Biotechnology 18; 679-682) and a set of S-^^J^^^^^^^^^^^ primers requires high amounts 

use of large sets of primers as represented by ^^"^^ P"^^^^^^^^^ sequence complexity of the primers and 

of primers to drive the reaction and should exh,b,t poor ^'"^t <^^^^^^^^^^ primers that are comple- 

tarsets. I.e. for any given sequence in an ana^yte. there js only a very m. p ^^^^^ ^ ^ .^^^ 

mentary to that sequence. Large sets of '^f-^^^l^^ Scr eaTng the effective amounts of primers available^At- 
templates thereby generating, nonsense ^'^^'J^^^^^^^^^^ random oligonucleotides is very limbed. F^rst 

tempts to improve the kinetics of pnming by '"^ 'J,^^^^"""'' are soluble in a reaction mixture. Secondly, 
off. Lre are physical constraints In the amount 0 ^^^^f^^ concentrations results in increased self- 

increases in the amount of primers .s ^^''•'"^'''"S^'^J^^^^^^^^^^^^^^^ that would otherwise be used for 

priming, thereby generating more nonsense f^^^""^^^^^^^^^^ used by decreasing the complexity (i.e. se- 

analyte dependent synthesis. Lower concentranons .^J^; of hybrid formation. On the other hand 

quence length) of the primers, but restraints ^-^"^^^^^^^^^ Inordg^ of thl complete genome of the intended 
the discrete sub-set of 7.mers and 8-mers descnbed ^^^^^J^!^^^^^^^^^ organisms, and a unique set has to be 

target organism. As such, these will only ''^ "^^^^^^ ""^^'^'^^^^^^^^^ Consensus sequences can be enzyma 
indvidually developed for each target "'^'"f "^^fj^^.^o^^^^^^^^^^^ slow inefficient processes. Thus there ex.sts 
ca.hr added by RNA ligation or poly A pol^^^^^^^^ 
a need for methods and compositions that can efficienu^^^^^^ 

templates of variable or even unknown ^^^"^"^^^^^^^^^^^^^ into analytes for the purpose of amph- 

[00381 Methods have also been descnbed for the '"'■."^"f^'^^^^^^^^ a segment complementary to a target 

. ication. For instance, oligonucleotides have also been ..her a selected discrete sequence or 

sequence and a segment comprising a P^^^^^XT^^^ZTsV^^^ 6 338.954 (both patents incorporated by 
a natural poly A sequence (U.S. Patent ^^J;'';-'^^'^^^^^^^^^^ segment of the analyte hybrid^ed to 

reference)). After hybridization to a target mRNA RNAse " ^^^^^^^ 3,g^ent as a template, 
the complementaiv segment and '^^"^^'^"^J^^f "^^s^ nature, this particular method rehes 

^rreSo-n^SoT-^^^ 

segment of the analyte. 
SUMMARY OF T HE INVENTION 

[00391 Thepresentinventionprovidesacompos.^^^^^^^^^^^^ 

at least one first nucleic acid primer or nucle.c ac.d ^"="!'^^^""'J1' ' ^ \^^,^ a portion of a nucleic acid of interest; 
and(ii)nucleicacid sequences whichareccmpe«^^ 

—rroren-^^^^^^^^^^^ 

does not comprise the first energy transfer element. comprising at least two parts, a first part com- 

[00401 The present Invention also provides f ^^^^^^^ primer or nucleic acid construct 

prising at least two segments, wherein the first 3^"' ^^"^^^^^^^^^^ eomprises primer-extended complementa-y 
and at least one first energy transfer f^^" ;. ^"^^^^^^^'^"^^^^^^^^^ least two segments, wherein the first 

to at least a portion of a nucleic ac.d of '"'''''\^''^J''^^^^^^ acid construct and at least one second 

segment of the second part comprises a second ""^^'^^^'^ P^/^^^ond part comprises a primer-extended nucleic 
energy transfer element; and wherein the second ^^JJ' ° ^^^^ of interest; wherein the first nucleic acid primer 
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.e «rst . .e strands comprises at .east one .st e-^V ^^^^^^^^^^^ 

-r^^^sr^aTr^^^^^^ 

single-stranded or double-stranded nucleic ac.d of m erest .n a sample us ng the f^st d p 

The process comprises the steps of. (a) providing « composmon^d^^^^^^^^^^ ^^^.^^ ^ 

containing the nucleic acid of interest; and (nO.reagents '^J^^ ~d^ conditions the first nucleic acid 
reaction mixture comprising (i), (ii) and (ili) above; c c^^^^^^^^ 

primerinthecomposition(i) withonestrandof thenucleicaado^^^^^^ ^^.^ .^^^^^^^ 

the second nucleic acid primer in the compos.uon W;^''' ~TSuc^^^^^^^ to form a first primer-extended 

present; (d) extending the first nucleic acid P"-- ^^J^^^^^^^ complementary strand is present; 

nucleic acid sequence and a second P"'"«^-f """^^''L^" acid of interest and separating the 

(e) separating the first primer-extended nuclei: ^<='<^^^^;^^^^^^^^^ 

second primer-extended nucleic acid sequence '^"^/^^^^^"Tjj^"^^,^ composition (0 with the nucleic acid of 

(f) contacting under hybridization conditions the first ""'^l^'^;;'^ P"!*"; '"'.^ contacting under hybridization con- 
Interest or the second primer-extended ^'^ nLleic acid sequence from 

ditions the second nucleic acid primer ,n the =°'^P°^'''°" j'^ ^1 Je^elements in the composition (i) the presence 
step(e);and(g)detectingbymeansofthefirstandsecondenergytransferelementsmtn 

or quantity of the nucleic acid of interest. comprises a nucleic acid strand, 

[00431 The invention described herein also provides a <=°'"P°^'^°" °^^7'";'^';,,^^ construct; and the second 
the strand comprising two segments, the first segment comprising a pn _ 

acid construct comprises a first energy 

in the primer-extended sequence comprises niore '"'^'l^^T^^^^^^ the presence of a single-stranded or 

[0044] Also provided is P---^^^ f ^^^^^^^ st'eps of: (a) providing (0 a sample 

double-stranded nucleic acid of interest in a sa^P'^- J^"® P[^^ ^ construct that compnses: 

suspected of containing the of interest and (B) a first energy 

(A) a nucleic acid sequence complementan^ to ^ 'east a P°mo and (iv) reagents 

. transfer element; (iii).labeled nucleotide or f f " ^^P "^^^^^^^ (1), (ii), (iii) and (iv) above; (c) 

for carrying out nucleic acid strand extension; (b) fomiing a l ^^i^i nucleic acid of interest; 

contaclg'underhybridizationconditionsthenuc^caci pnme^^^ 

(d) extending the nucleic acid primer by more than one ^J^^/JJj J^^^/^, .^ZesX by means of energy transfer 

-rstt^irsre^^^^ 

S?^rtn™tP-dedbythepre.ot-,^^^^^^^^^^^^^^ 

preset of a single-stranded or '^'^^^l^f^'''''^^^^^ a first nucleic acid primer or nucleic 

Of: (a) providing (i) a sample suspected of '^""^^'"'"Sj^^^ ""^'"^^^^^^^ ^ at .east a portion of one strand of the nucleic • 
acid constmct that comprises a nucleic ac^ ^^''7;; ""^j^^^^^^^^ comprises a nucleic acid sequence 

acid of interest; (iii) a second nucleic acid prime ^/J'^^^^^^^'^^^^^^^^^^^^ comprising a first energy transfer 

identical to at least a portion of the one strand; (.v) "^"^^^ („), (•,-,) or both (ii) and (iii) comprise 

element; and (v) reagents.for carrying out nucIeK: ^f^'^^^"^^"^^;"^^^^^ ii , iv and (v) above; (c) contacting 
a second energy transfer element; (b) fomi.ng a reaction .^^"'P^^^^^^^^ strand of the nucleic acid of- 

under hybridization conditions the first nucleic P"'^^^ ^^co^^^^^^^^^ "^^ composition (iii) with the 

interest and contacting under hybridization L nucleic acid primer and the second 

complementary strand of the nucleic acid of interest if P/^^^^^^.^"^^^^^^^^^ second primer-extended nucleic acid 

nucleic acid primer to form a first P"'"^«^-^''»^"'*f ^^tv ^S^^^^^^ ""c'e°«^« °^ 

sequence if the complementary strand is P^^^"'' '^^7^^^;;^°^^^^^ of interest and separating the second 

, arating the first primer-extended nucleic acid f^^*'"^""/^"'^ '^ of the nucleic acid of interest if present; (0 
primer-extended nucleic acid sequence from ^\<'°'^f'"';'^'^^'2t the composition (ii) with the nucleic acid of 
contacting under hybridization conditions e) and contacting under hybridization con- 

energy element in an incorporated nucleotide. comprises a nucleic acid strand, the strand 

[0046] Another aspect of the invention IS a composition of matter that compose 
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orim^r or a nucleic acid construct; and the second segment 
comprising two segments, the first s«9'"«"V'TI" oLeTextended sequence comprises one or more first energy • 
comprising a primer-extended sequence, wherein the P""^;^^^!"^^ 

ransfer eLents and one or more second --Sy^^^^^^^^^^^^^ ,,a.itatively or quantitatively the presence o a , 

[0047] The present invention also provides ^ P™*^^^ '^^^.f ' g^^l^ j^e process comprising the steps of: (a) pro- 
InglJstranded or double-stranded nucleic ac.^^^^^^^^^^^^^ 

vidfng (i) a sample suspected °' ^^"'^'"'"S ^ "^"eL of the nucleic acid of interest and (n.) one 

that comprises a nucleic acid sequence complernenm^ to at '^^ ^ ^ P ^nd one or more second • 

or more first nucleotides, the first nucleotides "'"P"*'"9 ^J"^ '^g^^element; (iv) reagents for carrying out nucleic 
nucTe;tides.thesecondnucleotidescomprisingasecode^^^^^^^^ 

energy transfer element. ,r.,=fiweiv or Quantitatively the presence of a single-stranded or 

[ooaIi Also provided is a process for detecting ^"^^'^f^^'^^"^^^ steps of: (a) providing (i) a sample 

doubli-stranded nucleic acid of interest in a ^^JP J/ JJ^^^^ 

suspected of containing the nucleic acid of ^"'^J^'^'^'^l''^^^^^ of the nucleic acid of interest; (iii) a second 

a nucleic acid sequence complementary to at least a porUon of one s^ ^ p,rt,on of 

nucleic acid primer or nucleic acid construct that ^°"^P^"^^^,;;'^;'3' ^'^J,,^ a first energy transfer element, and 
.he one strand- (iv) one or more first nucleotides, the first J° ^ / transfer element; and (v) reagents 

reormoresecLdnuc,^^ 

for carrying out nucleic acid strand extension; (b) a react^^^^^ composition (ii) with one strand of the 

c con7ac«ng under hybridization <=°"«^'«°:;J^^^^^^^^ nucleic acid primer in the compos,.on 

nucleic acid of interest and contacting under hy^"<^'^ , (d) extending the first nucleic acd pnmer 

(Iii) with the complementary strand of the nucleic acid of '^^^'If'^ acid sequence and a second primer-extended 
' dlsecondnudeicacidprimertoformarirs^^^^^^^^^^^ 

'e g traSlemem and the second energy transf-^- ^^,^,3,3 3 nucleic acid strand, the strand com- 
[OOaII This invention also ^'^^^^'^^^^^^^^^^^^^ comprises a first energy transfer element and 

prising two or more ribonucleotides, wherein at least , ^ig^gnt. . , 

herein at least one other ribonucleotide =°'^P"t^ , or quantitatively the presence of a s.ngle- 

moso] The invention also provides a process fo f;^^""^^''^^'^^^^^^ comprising the steps of: (a) providing (.) 
branded or double-stranded nucleic acid of l^'^l^^'J.^.^^^^^^^^^^^^^ one first nucleic acid primer or nuc eic acid 
35 a sample suspected of containing the nucleic acid of ^ ^^^g^^^t. wherein either the first nucleic ac d 

consTrSct and'optional.y. a second nucleic acd P^-^J^J " ^f^^^^^^^^ 
primerornucleic acid construct, orthe optional secondnu^^^^^^^^ 

'promoter sequence; (iii) one or more first "''-"f/^^^^^^^^^^ comprising a second energy transit 

element, and one or more second "'^^""'^'f .^'^^^^^^^^^^^^ and RIMA transcription; (b) fom^ing a react on 

.0 element; (iv) reagents for camming out nucleic Vn^nnder hvb ridization conditions the first nucleic acd pnmer or 
m^ure comprising (i), (ii) and (iii) above; (c) contac ing ""^^^ ^^^^^^^^^^ the nucleic acid primerto form 

• Tc eic acid construct (ii) with one strand of the nucleic acd of interes^^^^^^ ^^^^^^ complementary to the pnmer- 
a primer-extended nucleic acid sequence; (e) ^y"'*'^,^^,^'"^ ^J^^^, " ^ double-stranded nucleic acid; (0 transcribing 
extended nucleic acid sequence or a portion ^^^'^^ '^'^'J^^^^^ and second ribonucleotides (Hi) into tran- 
45 the double-stranded nucleic acid fom^ed m step l^] " t,y means of energy transfer between the 
. scripts (g) detecting the presence or quantity of the ""='«J^J^^ J„ j^e transcribing step (I) is earned out 

S'ene?Jy transfer element and ^^-^^^^^^^^^^^^ S'^dd sequence or the second nucleic acid strand 

by the RNA promoter sequence in either the primer extenae 

synthesized in step (e). =.„.rthatcomDrisestwoparts, whereinthefirstpartisanucleicacidstrand 

50 [0051] Also provided is a composition of primer or nucleic acid construct, and the second 

Lp ising two segments, the first segment compnsing a nucle c a^^^^^^^^ 

segrSentcomprisesaprimer-extended sequenc ^and w^^ P^^^^ „^^^^3,,„j ^irst energy transfer ele- 

wherein the nucleic acid primer or nucleic acd ^^re second energy transfer elements. 

ments and wherein the nucleic acid binding ^^^^ ^^'^^^^^^^ ^0 nucleic acid strands, wherein at least one of 
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the nucleic add binding agent compnses qualitatively or quantitatively the pres nee 

[0053] Another aspect of the present invenfon .s a P '° °" ^^ess comprising the steps of: (a) 

[t a Single-stranded or double-stranded nucle>c ^^'^^^^^^^^^^^^^^^^^ a n-.eic acid prir^er or nucle.c ac.d - 

providing (i) a sample suspected of *e n"d^^^^ • ^, of mterest; 

construct that comprises (A) a nucleic acd acid binding agent comprising one or more 

and(B)oneormorefluorescentfirst energy transfe elem^^^^^^ f.^^g a react.on 

second energy transfer elements: ('^'^/^^^S^"^ ^^^^^^^^ conditions the nucleic acid pnmer .n 

n^ixture comprising (i), (ii), (iH) and (,v) .f ^.^^ <^ f °X "tend add primer or nucleic acid construct to 

the second energy transfer element. „^„,itativelv or quantitatively the presence of a single-stranded or 

[00541 Also provided is a process for detecting "^"^ ''f ^J^j^;'',,^ ^sing he steps of: (a) providing (0 a sample 
double-stranded nudeic add of interest .n a '^^^''■^'^^f^^^^^^ 

suspected of containing the nucleic acid of ^^'^J^^'f^l''^^^^^ of the nudeic add of interest; (iii) a second 

a nucleic acid sequence complementa-v to at least a po^on of one ^^^^^^^ ^^^^^ ^ p^^,^„ 

nucleic acid primer or nudeic acid construct that compnses a nuc^c ac,d q ^^^^^^^ ^^^^^^^^ 
the one strand; (iv) a nucleic acid binding agent ^^/J' ."^'.^j; and m comprise one or more fluorescent 

or canving out nucleic acid strand extension; v^herem ('O- N °^ °° " ' ' and (v) above; (c) contacting 

°;r;n'ergytransfere,emenls;(b)fom,in^ 

under hybridization conditions the first nudeic ac d p"^er in me c p . .imposition (»0 with the 

interest and contacting under hybridization ^^e^^ the Ll nucleic add primer and the second 

Complementary strandofthenudeicaddonnteres^^^^^^^^^^^ 

nudeic acid primer-to form a first P"";^^-^'^^"^ ^t^rdina the Judeic acid binding agent (iv) to a primer-extended 
element in the nudeic acid binding agent (iv). - _ compositibn of matter that comprises (a) a nucleic 

one or more second energy transfer elements^ ,„„orises (a) two nudeic acid strands, wherein at least one of 
Jo0561 Also provided is a composition of maUer ^^^^^ ""^^^^^^^^ ^^^^ p^^er or nudeta acid construct and 

he strands comprises two segments, the ^^^^"'^^^^^^^^^^ ac!d binding agent, wherein the pnmer- 

^iSe^d^q^^^^^^^ 

Landed or double-stranded nudeic add of intere t '"^^^^^^^^^^^^ acid primer or nucleic add construct 

asamplesuspectedofcontainingthenudeicacidofine^^^^^^^^^^^ 

complementary to at least a portion of the ""'^J^^^^ °J '^^^^^^^^^ 

?i?st energy transfer element; (iv) a nudeic ac.d binding " ^ .^action mixture comprising (i). ("). (i"). 

and (V) r agents for carrying out nudeic acid strand exten on^ b) fo m.g a ^^^^^^.^.^^ 

second energy transfer element. ,,ntati«elv or quantitatively the presence of a single-stranded or 

[00581 Also provided is a process for detecting ^"^^f ^^^'^/^^^."/^Jrising the steps of: (a) providing: (i) a sample 
doubllstranded nucleic add of interest in a sar^ple the ^^^^^^^^^ 

suspected of containing the nudeteacidofinteest;(.Oaf.s^nuc^^^^^^^^^ 
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Sons he first nucleic acid pn.er o m^c e. ac. ^^^^^.^^ "-^^l^^^acid priier and the second 

contacting under hybrid.zat.cn ""d'^;°;=^^^^3^ •„ present; (d) extendmg the »,rst nu nuc e>c ac.d 

mentary strand o( the nucleic acid of '"'^^^^ ^ acid sequence ^nd a sec° nucleotides; (e) bind- 

ro0591 Additionally provided by th.s 'nve" at least one nk'°""^J°"°!,^ .„nsfer elements. 

reagents for carrying out nucle.c ac'd st and "'''iCthe abeled nucleotide or nucle- 

a d (v^at'o-. (c) contacting ""^^^^^^^^^^.'S acid primer, thereby ^'^^^^^^^^A^) .ytridizing the nucle.c ac,d 
nucleic acid of interest; (d) ^elence from the nucleic ac.d of interest W U y ^^.^ ^, by 

branded 0 double-straoded ""='«'^jf of interest; (ii) a first ^^^ l^^^^^^^, nucleic acid of interest; 

S a second nucleic add prim.er ^^^^^J^^^^^ nucleotides comprising a f^ t e^^^^^^^^^^ i„g out nucle.c ac.d 

the complementary sirand Of the nuc 
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secondnucleicacidprimertoformafirstprimer-extendednucl^.^^^^^^^ 

acid sequence if the complementa^ strand ,s ^'^^^J^-^^;^^^^^^^^^ nucleic acid sequence « 

separating the first primer-extended nuclec acd sequence and he P „,„3.„ ^cid sequence, or to 

■produced in step (d); (0 hybridizing the nucleic ^^^^^' ^^J^^X^-'^-^ °^ "^"-""^ °' ^•'^ " 
L second primer-extended nucleic acd sequence and^^^^^^ 

interestby rneans of energy transferbetween the first energy transfer eleme ^^^^^^ ^^.^^ ^.^^^ 

"0064, • Lo provided is a composition o. matter that --P^-^;^^^^^^^^^^^^^^^ .^^p^ses a first energy transfer 
strand comprising at least one ribonucleotide, where m the at ^^^^^J^ ^^^^ ^^^^ ^ potion thereof, wherein 
element; the second strand compnsing; a nucleic acid probe hybnoi^^^^^^^^ 

the nucleic acid probe comprises one or more ^^^^^"fX^^^^^^^^^^^ or quantitatively the presence of a 

[0065] Another aspect of this invention is ^.P^°«^J '"/^ff,"^^^^^^^^^ process comprising the steps of. (a) pro- 
single-stranded or double-stranded nucleic acid o ^ ^, .^^^^ .irst nucleic acid primer or nucleic, 

vidfng (i) a sample suspected of containing ^ ""^^^^'^J,!^^ constmct, wherein either the first nucleic 
acid construct and optionally, a second pnmer or nucleic acid construct compnses 

acid primer or nucleic acid construct, or the °f a first energy transfer element; (iv) 

an RNA promoter sequence; (iii) one or more '^"'^f'^''^^^^^^^^^^^^ (v) reagents for carrying out nucleic acid 
a nucleic acid binding probe comprising a second ""'" .tr^ (li), (iii), (iv) and (v) above; (c) 

strand extension and RNA transcription; ^ , ^^^^^^ aVd construct (ii) with one strand of 

contacting under hybridization condiUons the ^ primer-extended nucleic acid sequence; (e) 

the nucleic acid of interest; (d) extending the P;7,3;S^,.extended nucleic acid sequence or a portion, 

synthesizing a second nucleic acid Strand "'"P^,^^^"^,!";^^^^^^^^^ t,e double-stranded nJcleic acid fomaed in 
thereof, thereby forming a double-stranded ""^'^^f ,^^f " (g) hybridizing the nucleic acid probe 

step (e) to incorporate the labeled "''°"^<= f J '^r o^^^^^ ""cleS acid of interest by means of energy 

(iv) to the labeled transcripts; (h) detecting P^^^^^^^^^^^^ T^^enTg, transfer element; wherein the transcribing 

:^;;rcrdrt;rRM? 

acid strand synthesized in step (e). comprising at least two segments the 

a discrete nucleic acid sequence. incoroorating a desirable nucleic acid sequence into .an 

[0067] Further provided by this invention P^^J^^^^'^^,^^^^^^^^^^ ^oviding (i) the analyte or library of analytes; 
analyte or a libra-v of analytes, the process ''"P" °^en s the first segment comprising eight or more 

(II) a chimeric nucleic acid construct comprising J^^^^^^ the desirable nucleic acid sequence; 

universal bases and the second segment ^'"P; a^f^^dtpS^ ''ctension; b) binding or hybridizing the 
and (iii) reagents for carrying out hybridization f^^ ^Tof Sa^^^^^^^ and.c) extending the 3" end of the analyte or 

in proximity to the 3' end of the analyte or library of analytes _ constructs.' each such construct 
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comprise 

(N)„ 



Wherein N independently comprises G. A. T - ^^J^^^^^^^^^^^^ nuclefc acid sequence into an 

[0069] The present invention also provides a P^°="^ '"^^^^^^^^^^^ J^.i^ing (i) the analyte or library of analytes; 

analyte or a libraiy of analytes. the process ^9;;;3fXoL at leas three segments, the first segment 
(ii) a set of Chimeric nucleic acid constructs, each such const^^^^^^^^^ 

Lmprisingfourormore -'-^f ^f^^^S^^^ 

the third segment comprising a template tor synthesizing tne 

segment, the pem^ulations of from one to eight nucleotides comprise 
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• hf and (iii) reagents for 

to a second port.on "^^^^^^^^^.^^ second conaplex .s a substrate 
[00751 ' Numerous other aspeci 



25 



35 



40 



45 



50 



[0076] 
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double stranded nucleic aa 
double stranded SDAampLcon 

Nested PCR 

Ligase Chain Reaction. 
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. mers in a double Stranded nucleic acid. . 
nOUBE.depictsvaria«onso^^^^^^^^^^^^ ' 

FIGURE 6 shows the °' '"^^^^^^^^^^ ,^alog o. TAMRA. 
RGUBE7isthespectmmoaphenyjc ^j^^^^^pgd. 

:;rRr.Sao%^sroT:e£To^^ . • 

;SSllieepictstheresu,.^^^^^^^^^^^^^^ 
FIGURE 13 shows the use of a CNAOt 

BitSi;::^'^^— ^^^^ 

mayalsobeappue carbon Bond For/nation 

, U.l.enngBeegentsWt„cH participate ■,nCart,o nts that comprise a reactive group capable 



40 



45 



EP 1 344 835 A2 



10 



15 



20 



25 



ivvnf. arouos as well as various combinations thereof, 
compounds can comprise aromatic, heterocyclic, alkene ^^^^^^^ compounds, these reactive groups were 
Although such groups have been described P'^^'^^J.^^^^^^ to make nucleotides and potynucleot des look 

only used in the context of adding ammo 9^°"P^ ""^'^ 519. both of which are incorporated by reference), 
like proteins (U.S. Patent No. 4,71 1 ,955 and U S. Pa^n No.^;^7 ^^^^^^^ ^, ^^^^ ^ ^ 

,n the present invention, the reactive group o« he novd labe ng rj ^ ^^.^^^ „f 

at the temiinal end of a linking am. or at ^''^^^f^^^^ Report 128; 1713-1754). Rob.ns 

metallo-organic and halogenated impounds .s given by Larack ( 9^ ^^^^^^^ ^,Crae 

I al. (J. org Chem 19B3, Aldrichimica Acta 33; 52-60) all of which are 

(1963. Advances in Organic Synthesis.4. 225-328) ana MieKe ^ 

incorporated by reference. ,h» noveilabelinq reagents can be of any desired length and can 

roo81 1 A linking arm that comprises a portion of "^3,^^, I .a^bon. nitrogen; oxygen, sulfur and any 

L comprised of any suitable atoms that can ^^^^^^ ' 

combinationthereof.Chemicalgroupsthatcancompnet^^^ 

double bonds. triple bonds, peptide bonds, aroma ic^^^^^^^ _ , 

and thioamides. The linking arm target molecules. The targets may intnns«any 

[0082] The present invention may be used to label ^ '^^^^''"^'^^rtjon-carbon bond with the reactive group of the 
Lpise Chemical moieties that can P^^-^fl^^^^'^^^^^^ such a group. Examples of chem.ca 

novel labeling reagent or the targets may be J''!^/^^^^^^^^^ ^f the novel labeling reagent can compnse but 

moieties on target molecules that can combine '^''J^^Vo ' dfand h J^ogenated compounds. The metallo-organic and . 
not be limited to alkenes. alkynes. '^^7^ alkyne groups as well as various combina- 

halogenated compounds can comprise aromatic^hetera^^^^^^^^ 

tionsthereof-Targetmoleculesthatmayfindusewim^^^^^^ 
oligonucleotides.pohrnucleotidespept,des.oW^^^^^^ 

saLharides, polysaccharides, lipids and hormones. Nu^^^^^^^^^^ -n,ey may be ribonucleotides or deoxynucleotides. 

but notbe limited to monophosphates, ^'P^^^^P^^^f";^; ^J^^^^^^^^^^ ^'ay also be used if desired. Examples of mo^ 

Modified nucleotides or Nucleotides analogues of ^"V ^^^^^^^^ „,cleotides with 3" amino or 3- phosphate 

ified nucleotides can include but not be limited to ""^f to peptide nucleic acids, arab.nos.des. and 

groups. Examples of nucleotide analogues '"^ " J^^^*^^"^^^^^^^ of oligonucleotides or po ynucle- 

IcyckD versions. These analogues may be used ""^ ^° ^J^^ out by the use of nucleotides that have 

otides. synthesis of a labeled oligonucleotide or P°f ""^^ that have chemical groups that can be 

been labeled by the novel labeling reagent, ^'ternatively^ mod^.e^^^^^^^^ ^^^^^.^^ oligonucleotides 

carbon-carbon bond formation. „„,,h^oresent invention to desirable target molecules can be earned 

[0083] Attachmentof the novel labeling reagents o the present 1^^^^^ the acetoxymercuration reaction ,s a 

out by any of a variety of means known to those ^^'''f '"Jf; ^ercuiy atoms onto the 5-position of the py- 

well known and established procedure for ^'^^^°^'^2ZT^T(^^^^^^ 
40 rimidine ring or the 0-7 position of a deazapunne rmg (D^^e e aL ^^JJ J ^^^^^^^ acetate in sodium 

(1 97rP~ ' Natl- Acad. Sci.. USA 70; 2238-2242 The nuc^oades are t^ea^e ^ ^^^^^^ ^^^^^^^ 

Se buffer to donvert them into mercuric -"J- '"JJ,^ ^^^.^^^^^^^^ a carbon-carbon double bond to be 

present invention that has been prepared with ""'"f ' of the double bond of the labeling reagent 
formed between the aromatic ring of the nucleotide ^^^'"^ '^'^^^^^^^ ^^agents of cyanine dyes with double bonds 
« thereby attaching the label to the ^^^^^^^^^^^ at the tenninus of the linker am, rather 

. at the teminus of a linker, the ''^"J'fj!^ the two rings of the cyanine dye moiety, 

that the aromatic ring or the conjugated double ^^^^^^J^^^^^"^^ .a^eling reagent of the present invention can 
0084] in an alternative use of the reaction descnbed ^^^^^^^^^^^^ ,,,,, ,,h an unsaturated bond on 

be prepared where the reactive group is a mercury =^;;^Th'S compo ^^^^^^^ ^^^^^^ 

50 ?he target that is desired to be labeled. This bond may be an intn"s.c part o J ^^^^^^^ ^^^^ 

may be modified to include such a group, f ^'^"""^Jf , 'J^;^ cit. Eqns. 146-151) has described how two 

target molecules comprise mercury sa.ts^For - J^^; ^^^^^^^^^^ the presence of appropriate ^ta^ysts- 

groups that each have the structure R1 •<==C"';f ' f " '° ^ly^ed additio reactions is that they can be earned out 
[0085] one advantage of the mercuration ^ ^ J^"^^;'^^^^^^^^^^^ „ necessary. This procedure can be earned 
55 n water with a small amount of f ^'^^.J 'i'?" l^t^^^^^^ deoxynucleotides, dideoxynucleot.des and any 

out with the nucleotides in any forrr,. for example "J^^^^^^^^^^^^^^^^ nucleic acid complexes and polynucle- 

analogue. as well as with oligonucleotides, -^'^""^^^^^^^^^ ami containing a tem^inal tnple bond 

otides Alternatively the novel labeling reagent can be prepared wiin 
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or any other substance which is capable of fonning the carbon-carbon double bond with the target molecule. 

2. Labeling Proteins by Carbon-Carbon Bond Formation 

5 [0086] An important use for the novel labeling reagent may also be for* attaching signal groups to proteins. In this 
particular case, modifications of the protein can be made to make them resemble the nucleic acid target described 
above. For instance, a target protein can be reacted with mercuric acetate thereby forming mercurate compounds at 
tyrosine, tryptophan or phenylalanine residues in the protein. The protein is now available for reacting with a novel 
labeling reagent that has an double bond reactive group where displacement of the mercury will take place while 

10 attaching the label. If desired, thiol groups in the protein can be protected on the protein by treatment with 2,2'-dipyridyl 
disulfide prior to the mercuration step. 

[0087] Amino acids that have primary amines are also sites on a protein that may be used with the novel labeling 
reagent. For Instance, proteins that lack tyrosine groups can be modified with Bolton-Hunter active ester to Introduce 
tyrosine groups onto primary amines. These can then be subsequently used as described above. Alternatively, the 
'5 protein can be modified with acrylic acid active ester to introduce terminal double bonds into residues that contain 
primary amines. This modification would allow proteins to be used with novel labeling reagents of the present Invention 
that have mercurate compounds as reactive groups.. 

3. Dye Precursors With Reactive Groups for Carbon-Carbon Bond Formation 

20 

f 

[0088] Attachment of a group to a marker that Is suitable for participating in a carbon-carbon bond can be carried 
out by modification of the marker. On the other hand, attachment can take place with an intermediate that is used to 
synthesize a particular marker. For example, cyanine dye labeling reagents have the following structure: 

23 



30 




where n = 1 , 2 or 3; X1 and X2 can be S, O, N, CHj or C(CH3)2 and R1 -R8 comprises a reactive group that could be 
' used to join the cyanine dye to a desirable target molecule. Cyanine dyes are prepared by linking together two Indolenine 
40 precursor units with an intervening unsaturated chain. The particular number of units making up the chain detemiines 
the particular absorption and emission spectra of the cyanine dye. 

[0089] According to the method of the present invention, cyanine dyes can be prepared by attaching a linker ami 
containing a reactive group capable of generating a carbon-carbon bond to the indolenine ring that is a precursor to a 
cyanine dye. This modified indolenine is a novel compound that can then be used as a reagent In a reaction where It 

45 Is coupled to a second indolenine ring through an intervening unsaturated alkyi chain to synthesize a cyanine dye with 
the structure described above. The second indolenine can be the same as the first or it may be an unmodified version 
that lacks the linker ann and reactive group. The same novel indolenine compound can be used to make a variety of 
different cyanine dyes depending upon the nature of the second indolenine ring and the particular unsaturated chain 
joining the two indolenine rings. As a result of this procedure, when the cyanine dye product is formed by joining the 

so precursor rings, It already comprises a linker ami with a reactive group and is ready to be attached to a suitable target 
molecule. 

4. Novet Rtiodamine Dyes Without the Phenyl group 

55 [0090] In another aspect of the present invention, new dyes and means for their synthesis are disclosed. In previous 
art, derivatives of rtiodamine typically have an aromatic group between the dye and the reactive group that is used to 
attach the rhodamine to a desirable molecule. In the present invention, it Is disclosed that stable nucleotides can be 
synthesized that comprise rhodamine analogues where the linker amn joining the dye to a base on the nucleotides 
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. In the diagram above, T is a target for attachment of a marker or label; R is a reactive group that may be used for 
5 attachment to a target and M is a marker or label. 

[0092] ' In one aspect of the present invention, ^ is a chemical group that covalently connects the M moiety to the T 
moiety or R moiety and comprises one or more of the following groups: 



fO. 

["h H H H 
' — Lc=c — c=c|— 

Ih H J 

20 ^ H hJ 

[0093] The alkene groups can be in either. cis or trans configuration with regard to each other and they may comprise 
only hydrogen atoms bonded. to the carbon atoms or they may be substituted. In a preferred mode, directionality is 
derived from having one of the groups above immediately linked to the target, separated by no more than a single 
25 intervening atom or linked to the target through a rigid polar unit. 

[0094] In another aspect of the present invention, L is a chemical group that covalently connects the M moiety to the 
T moiety and comprises at least two consecutive rigid polar units. 

[0095] Examples of targets that may find use in the present invention can include but not be limited to nucleotides, 

oligonucleotides^ polynucleotides, peptides, polypeptides, cytokines, ligands, haptens, antigens and solid supports. 

30 Examples of solid support that may find use with the present invention can include but not be limited to beads, tubes, 
plastic slides, glass slides, microchip arrays, wells and depressions. ' , 

[0096] Examples of reactive groups that may find use with the present invention can include but not be limited to 
isothiocyanate, isocyanate, monochlorotriazine, dichlorotriazine. mono or di-ha!ogen substituted pyridine, mono or di- 
halogen substituted diazine, aziridine, sulfonyl halide, acid halide, hydroxy-succinimide ester, hydroxy-sulfosuccinimide 

35 ester, imido esters, glyoxal groups, aldehydes amines, sulfhydryl groups, hydroxyl groups. Also included are groups 
that can participate in cariDon carbon bond formation as disclosed previously. 

[0097] In the present invention, a rigid unit is defined as a group of atoms where the spatial relations between the 
atoms are relatively static. 

[0098]. In the present invention, when two moieties are described as consecutive, the moieties are adjacent or directly 
^0 .next to each other. Additionally, two consecutive moieties can be separated by no more than one atom. i.e. a single atom. 
[0099] In the present invention, a rigid unit is non-polar when it essentially comprises the same type of atoms. Ex- 
amples of non-polar rigid units would be alkehes, alkynes, unsaturated rings, partially saturated rings and completely 
saturated rings that comprise only carbon and hydrogen. 

[0100] In the present Invention, a rigid unit is polar when it comprises at least two or more different atoms thereby 
45 distributing the charge unequally through the unit. Examples of an arrangement that could contribute to polarity could 
include but not be limited to a carbon atom that is bonded to N, S, O, P, or a halogen. The heteroatoms that are bonded 
to the carbon may be used alone or they may be part of polar or charged functional groups. Examples of the latter can 
include but not be limited to -OH, -SH, -SO3. -PO4, -COOH and -NH2 groups. The rigid units can comprise backbones 
that are linear, branched or in ring form. The ring fonns that also comprise polar or charged functional groups attached 
so to the rings may be unsaturated rings, partially saturated rings and completely saturated rings. Multimers of two or 
more such polar rigid units will provide rigid extended arms that create a defined spatial relationship between a target 
molecule and a marker or signal generating moiety. 

[0101] In the present invention, unsubslituted heterocyclic aromatic compounds would be considered to be non-polar 
rigid units due to the electron sharing in the ring. On the other hand, substituted heterocyclic aromatic conipounds that 
55 comprise polar or charged functional groups attached to the rings would be considered to be polar rigid units, 

[0102] Examples of linear polar rigid units that would be useful in the present invention can Include but not be limited 
to moieties comprising peptide bonds. Examples of cyclic polar units that have inherent rigidity can include but not be 
limited to sugars. Examples of groups that would have utility in the present invention that have rigidity derived from the 
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of the present invention may improve the properties of the labeled-compound as well as the efficiency of the labeling 
Itself. Additionally, there are many procedures that involve fixation of a ligand. hapten, protein or a nucleic acid to a 
solid support. Examples of such supports can include but not be limited to beads, tubes, microtitre plates, glass slides, 
plastic slides, microchip arrays, wells and depressions. The present invention can be used to generate a directed 
5 separation of a ligand, hapten, protein or nucleic acid away from the surface of the support. Examples of proteins that 
might enjoy these benefits can include but not be limited to antibodies, enzymes, cytokines and libraries of oligopeptides 
or polypeptides. 

6. Non-Metallic Porphyrins With Reactive Groups on Non-Pyrrole Positions 

10 

[0111] In another aspect of the present invention, a novel labeling reagent is disclosed that comprises a non-metallic 
• porphyrin with a reactive group at a non-pyrrole position. The spectral quality of non-metallic alkylated porphyrins as 
fluorescent dyes has been described in Hendrix in U.S. Patent No. 4,707,454 {Incorporated by reference) where Stokes 
shifts over 150 nm were disclosed. However, when describing reactive groups for the porphyrins, the only teachings 
15 that were disclosed made use of chemical groups on the pyrrole positions. Therefore, It is a subject of the present 
invention that non-metallic porphyrins can be derived which independently comprise hydrogen, aliphatic, unsaturated 
aliphatic, cyclic, heterocyclic, aromatic, heteroaronaatic, charged or polar groups on any or all of the eight pyrrole 
positions and use one of the nonrpyrrole positions as a site for attaching a reactive group. This composition has the 
following structure: 

20 




Re Rs. 

40 where comprises a reactive group attached directly or indirectly to a non-pyrrole position of the porphyrin (i.e., the 
a, p, y, or .5. positions) and through Rg are as defined just above. 

[0112] Any of the reactive groups that have been described previously may find use in the present invention as Rq. 
through Rg may comprise the same groups or they may be different. If desired, the alkyl groups may also further 

comprise polar or charged groups that may aid In Increasing the aquaeous solubility of the porphyrin. Also If desired, 
45 there may be a linker used to attach a reactive group to the porphyrin. The particular rigid arm used in this aspect of 

the present invention can be any linker arm that has been previously disclosed or described but it is especially preferred 

that the rigid linker of the present invention be used. A nitro group can be added to a non-pyrrole position as described 

by Fuhrhop and Smith "Laboratory Methods" Chapter 19 in Porphyrins and Metalloporphyrins, Kevin M. Smith, editor. 

Elsevier Scientific Publishing Company, Amsterdam, 1975, hereby incorporated by reference. Reduction of this group 
so to an amine is well known to those skilled In the art and further reaction can be carried out to add a linker or a reactive ' 

group by standard techniques. 

[01 1 3] Any of the previously described targets may be labeled by the non-metallic porphyrins of the present invention . 
For example, the non-metallic phorphyrins of the present invention may find use by incorporation of a porphryin labeled 
nucleotide or synthetically by a porphyrin labeled phosphoramidite. Alternatively, oligonucleotide or polynucleotides 
■ 55 can be synthesized that have derivatived nucleotides that are suitable for reaction with a chemically compatible deriv- 
ative of a non-metallic porphyrin in a post-synthetic step. Labeled oligonucleotides and polynucleotides that comprise 
the non-metallic porphyrin of the present invention should enjoy a large Stokes shift with high efficiency emission. This 
composition and method of detection wilt enjoy a high level of sensitivity as well as enabling high level of discrimination 
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R2 can comprise any of the reactive groups previouly described including sulfhydryl, hydroxy! and amine groups, groups 
capable of reacting with sulfhydryl, hydroxyl and amine groups, and groups capable of forming a carbon -carbon bond. . 
Rg can further comprise a linker arm that that separates the reactive group from the dye. The linker arm can be of any 
desirable length and can comprise a backbone of carbon as well as non-carbon atoms. Non-carbon atioms that may 
5 find use can include but not be limited to sulfur, oxygen and nitrogen. The linker arm can comprise saturated, unsatu- 
rated or aromatic groups and may also comprise the rigid arms described previously 
. [01 21 ] In another aspect of the present invention, a novel labeled target comprises the structure: 



ts where R and Dye are as described previously. Targets that may find use with the present invention.can include but not 
be limited to a protein, a peptide, a nucleic acid, a nucleotide or nucleotide analog, a receptor, a natural or synthetic 
drug, a synthetic oligomer, a synthetic polymer, a hormone, a lymphokine, a cytokine, a toxin, a ligand, an antigen, a 
hapten, an antibody, a carbohydrate, a sugar or ah oligo- or polysaccharide. The labeled target can also further comprise 
R^ covaiently joined to R, Dye or to both R and Dye. R^ further comprises one or more charged or polar groups to 

20 provide additional solubility. This may useful when the labeled target or an intermediate used for making the labeled 
target has limited aquaeous solubility or problems with non-specific hydrophobic interactions. The labeled target can 
also further comprise a linker arm as described above separating the dye from the target. 

.8. intercalators 



' [0122] In another aspect of the present invention, a novel method is disclosed that provides enhanced discrimination 
between an intercalating dye that is bound to a target compared to dye that remains unbound. As described previously, 
ethidium bromide has been a popular reagent for detection and visualization of DNA In a number of fomiats. To inves- 
tigate the effect of a second-phenanthridinium ring system on affinity to nucleic acids, a homodimeric form of ethidium 

30 bromide was synthesized and tested {Kuhlmann et al.. (1 978) Nucleic Acids Research, 5; 2629-2633). This compound, 
N,N-Bis[3-(3,8-diamino-5-methylphenanthridinium-6-yl) benzoyl]1 ,5-diaminopentanedichIoride (meta-ElhO) exhibited 
a much higher affinity to nucleic acids than the monomeric form. However, when fluorescence was measured at the 
standard wavelength of 493nm, the increase in fluorescent emission after binding to nucleic acids was essentially the 
same as seen eariier for the ethidium bromide monomer. 

35 [0123] It was a surprising and unexpected result that when meta-BihO was used in a different manner than the 
standard fonriat, a greatly enhanced discrimination between bound and unbound was obsen/ed. The present Invention 
discloses that when two ethidium bromide molecules are joined together through their phenyl groups, excitation at a 
wavelength below 400 nm can result in an increase of over 1 50 fold in fluorescent emission upon the binding of DNA 
to the homodimer as opposed to the 6 fold Increase seen when the samples are excited at 493 nm. 

40 [01 24] Two other homodimeric ethidium bromide compounds {EthD-1 and EthD-2) are commercially available from 
Molecular Probes, Inc. (Eugene, OR). However, In contrast to the results with mete- EthD, -the discrimination between 
bound and unbound dye was not substantially changed by exciting at wavelengths below 400nm. It should be pointed 
out that although mefa-EthD. EthO-1 and EthD-2 are all ethidium bromide dimers, they are chemically dissimilar. As 
shown in (Figure 2). mete-EthD is comprised of two phenanthridinium rings linked together through the meta position 

45 of the phenyl rings through amide bonds. In contrast, the phenanthridinium rings of EthO-1 and EthD-2 dimers are 
joined together through the nitrogen of the center rings rather than through the phenyl rings. The intervening chain is 
comprised of an alkyi chain with two amine attachment groups which are secondary in EthD-1 and methylated to give 
the quaternary salts for EthD-2. The inability of the EthO-1 and EthD-2 compounds to exhibit the same results seen 
with mefa-EthD demonstrates that the method of the present invention was not a predictable property of ethidium 

so dimers per se. 

[0125] The method of the present Invention may find use in many methods that had been previously described for 
ethidium bromide, ethidium bromide homodimers and other intercalators. Of especial use, is the application of the 
present rhethod towards real time analysis of nucleic acid amplification and probes labeled with mete-EthD. The large 
Increase in fluorescence after illumination at wavelengths under 400nm will allow a better signal to noise ratio than 
55 previous methods. Thereby, the present invention should enjoy a higher sensitivity of detection of the synthesis of 
nucleic acids during such amplification procedures. 

[01 26] In previous art, ethidum bromide has also been modified through the center ring by attaching other interca- 
lators (U.S. Patent No, 5,646,264) and fragments of intercalators (U.S. Patent No. 5.582.984 and U.S. Patent No. 
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5,599,932) for Improved performance of binding to double stranded ONA. Modification groups similar to those disclosed 
in U.S. Patent No. 5.582,984 have also been added to the central ring of ethidlum bromide to improve perfomiance 
with RNA (U.S. Patent No. 5,730,849). In light of the results with the mefa-EthO, it is disclosed that the modifications 
in U.S. Patent Nos. 5,646,264; 5,582,984; 5,599,932; and 5,730,849; all of which are incorporated by reference, may 
5 also be used to synthesize novel compounds by replacing the center ring with the phenyl ring as an attachment site. 
These may also be used in many of the applications previously described for ethidum bromide, ethidium bromide 
dinriers, ethidum bromide heferodimers, modified ethidlum bromide compositions and other Intercalators. 

9. Novel Chemiluminescent Reagents 

10 . 

[0127] In another embodiment of the present invention, novel 1 ,2-dioxetanes compounds are disclosed that when 
used as substrates for selected enzymes result in an intramolecular reaction between two groups attached to different 
sites of an aromatic ring thereby leading to chemiluminescent signal generation. In another aspect of the present- 
invention, the novel 1 ,2-dioxetanes compounds are disclosed that are substrates for modification enzymes rather than 
'5 degradative enzymes where the modification event can lead to chemiluminescent signal generation. 

3; Enzyme dependent interactions between two groups attached to different sites on a cyclic ring 

[0128J In another aspect of the present invention, novel 1 ,2-dioxetane reagents are disclosed that comprise two 
20 groups attached to different sites of a cyclic ring where after catalysis by an appropriate enzyme, the reagent undergoes 
an intramolecular reaction thereby leading to chemiluminescent signaj generation. The reagents of this aspect of the 
present invention have the structure: 



where Q comprises a cycloalkyi or polycycloalkyi group located on one side of the dioxetane and R1 and R2 are located 
on different sites.of a cyclic ring that is bonded to the other side of the 1 ,2-dioxetane. Z can comprise hydrogen, alkyi, 
aryl, alkaryl, heteroalkyf, heteroaryl, cycloalkyi. or cycloheteroalkyi groups. In a preferred embodiment, Q comprises 
an adamantyl group. In another preferred embodiment, the two sites where R1 and R2 are attached are adjacent to 
each other on an aromatic ring. R1 comprises a chemical group that is a substrate for an enzymatic activity. In the 
presence of the appropriate enzyme, R1 is catalytically converted into R1 * which comprises a chemically reactive group 
G1 . R2 Is attached to the ring through an oxygen atom and comprises a chemical group G2 that is capable of interacting 
with the G1 group that is produced by the conversion of R1 Into Rr. Due to the rigidity imparted by the ring, G1 is in 
close proximity to G2 thereby endowing the Interaction to take place with favorable, kinetics. This interaction leads to 
formation of an unstable dioxetane thereby producing chemiluminescence. 

[0129] R2 can comprise an aliphatic group, substituted aliphatic group, an aromatic group or any combination of the 

foregoing. In the cases where R2 comprises a substituted aliphatic group, the substituents can be halogens, nitrate, 
sulfur or nitrite. The aliphatic group can be substituted at one position or In several positions. The substituents at each 
position can be the same or different. 

[0130] As described above, after the enzymatic conversion of R1 into Rr , a chemically reactive group G1 is formed. 
Chemically reactive atoms that may find use as part of G1 may include but not be limited to nitrogen, sulfur or oxygen. 
Enzymes that may find use with- present Invention can include but not be limited to amidases, esterases, acetylcho- 
linesterases, acid and alkaline phosphatases, decarboxylases, lipases, glucosidase, xylosidase, fucosidase, trypsin 
and chymoirypsin. Enzymatic substrates that may find use as constituents of R1 can include but not be limited to 
amides, esters, phosphates, carboxylic acid, fatty acids, glucose, xylose, fucose or amino acids. 
[0131] Although it is not essential, R1 can also be designed such that after the enzymatic conversion of R1 into R1* 
the interaction between G1 and G2 creates a 5 or 6 membered ring which is known to be an especially stable confor- 
mation. An example of formation of such an intermediate is shown below using oxygen as the connection of R2 to an 
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may find use with the present invention including multiprimer amplification (U.S. Patent Application Serial Nos. 
08/182,621; filed January 13. 1994; 09/302,816. filed March 31, 1998; and 09/302.818, filed February 3, 1998; and 
09/302,817, filed April 16, 1999) and amplification with inverted oligonucleotides (U.S. Patent Application jSerial No. 
5,462,854) all of which are hereby incorporated by reference. ' - 

5 [014i3l As described previously, this particular embodiment of the present invention depends upon a proximity be- 
tween the primers or nucleic acid constructs oh each strand. In terms of an extended strand made from a first primer 
or nucleic acid construct, this can also be described as the proximity between the segment derived from the incorporated 
first primer or nucleic acid construct and the segment that can be used as a binding site for the second primer or nucleic 
acid construct to synthesize the complementary strand. For instance, proximity can be achieved by having these two 

10 segments being immediately adjacent to each other on an extended strand. In such a case, the nucleic acid sequences 
of the extended strands would be entirely derived from the sequences of the primers or nucleic acid construct and their 
complements. To depict this more clearly, an arbitrary sequence is shown in Figure 4 with potential primer arrangements 
that could be used in the present invention. In Figure 4 (A) the sequences chosen for primers are immediately adjacent 
to each other on. each strand. Alternatively, there can be a gap between the primer segment and the primer binding 

15 segment on one strand as long as there is sufficient proximity for energy transfer between the donors and acceptors 
in the amplification product. An example of a longer spacing using the same target sequence is shown in Figure 4 (B). 
[0144] It should also be noted that in addition, to allowing a novel system of signal generation, the reduction of the 
amplicon size such that it comprises little more than primer binding regions should confer advantages over the more 
traditional longer amplicons. These should include shorter extension times, sharper melting poirits, and overall higher . 

20 . efficiency in each round of amplification since the amount of synthesis is of a minimal nature. Also, the choice of 
appropriate energy transfer elements and detection systems can allow multiplex amplification to monitor more than 
one target sequence. 

[01 45] In the presence of the appropriate target sequences, signal generation should increase as more labeled prim- 
ers become incorporated into. double-stranded nucleic acids. This signal generation should be specific and proportional 

25 to the presence of appropriate target molecules in the sample. Thus, in the absence of nucleic acid synthesis, there 
should be little orno energy transfer between donor and acceptormolecules since each element is located on a separate 
primer or nucleic acid construct. Secondly, signal generation can be carried out under reaction conditions that allow 
little or no nucleic acid synthesis In the absence of appropriate target templates. One way that this can be carried out 
is by appropriate design of the primers themselves such that primer-dimer formation is minimized, for instance by 

30 selecting primer sequences that have no overiap between their 3' ends. On the other hand, if non-target nucleic acids 
are present that have sequences present which have some similarity to the primer binding sequences, nucleic acid 
synthesis may take place, but the nucieic'acid product .is unlikely to have the primers incorporated into the appropriate 
lengths for energy transfer to take place. Another way that target-specific signal generation can be increased is by the 
use of what has been tenned "nested PGR". In this method, the majority of amplification is carried out by a second set 
♦ 35 of primers that flank the labeled primers. This is shown in Figure 3 (C). The labeled primers can be present in reduced 
amounts, require different annealing conditions or be used in separate short amplification reactions. This should reduce 
the involvement of the labeled primers in amplification of either primer-dimers or non-target sequences. In this particular 
instance, It may even be possible to successfully generate target dependent signals with labeled primers or nucleic 
acid constructs that have some degree of overiap between their 3' ends. Lastly, target independent products should 

40 have a different length and/orbase composition thereby allowing a differentiation between target specific double-strand- 
ed nucleic acids and inappropriate products by their thermal profiles. As described previously, this profile can be ob- 
tained as part of the process or a separate step may be introduced to obtain such a profile. 

[0146] Although this particular embodiment of the. present invention has been described in terms of incorporation of 
nucleotides, there are also means for extending primers that depend upon the addition of polynucleotides rather than 

^5 individual nucleotides. As such, two of these methods. LOR {U.S. Patent No. 5,494,810) and GAP-LCR (U.S. Patent 
No. 6,004.286), may also enjoy the benefits of the present invention. These methods depend upon the use of two sets 
of adjacent oligonucleotides where each set is complementary to one particular strand of a target nucleic acid. In the 
present invention, a first energy transfer element will be in one or more oligonucleotides complementary to one strand 
and a second energy transfer will be in one or more oligonucleotides complementary to the other strand. An illustration 

50 of the use of Che present invention with this method is shown in Figure 3(0). 

b. Energy transfer between a labeled primer and nucleotide(s) 

[01 47] In another embodiment of the present invention, one or more primers or nucleic acid constructs that comprise 

55 a first energy transfer element are used in conjunction with at least one nucleotide that comprises a second energy- 
transfer element. After target template directed addition of nucleotides to the primer or nucleic acid construct, energy 
transfer can then take place by interaction between a first energy transfer element in one primer or nucleic acid construct ^ 
and a second energy transfer elements in an incorporated nucleotide. The labeled primer or nucleic acid construct and 
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the labeled nucleotide or nucleotides can be on the same strand if only a single primer or nucleic acid construct is used 
during primer extension events. Linear amplification can also be carried out where the primer or nucleic acid construct 
is used for successive rounds of binding/extension events. 

[0148] On the other hand as described previously, the inclusion of one or more primers or nucleic acid constructs 
s that can use the extended primers or extended nucleic acid constructs as templates can allow further synthesis. In this 
case, the second energy transfer elements that are introduced by nucleotide incorporation can be in both the extended 
strand and Its complementary copy. Figure 5 shows potential amplification products made by various amplification 
processes that illustrate this particular embodiment of the present invention. In Figures 5 (A), 5 (B) and 5 (C). one or 
more of the primers used for amplification contain an energy transfer element. Although this Figure shows the acceptor 
10 element (A) being present in primers and the donor elements (D) being present in the nucleotides incorporated during 
amplification, the opposite arrangement may also be used. In this particular aspect of the present invention, the spacing 
between the primers can be of any desired length that is appropriate for carrying out the amplification. • ' 
[0149] As described previously, various methods may be employed to selectively generate signal from only appro- 
priate targets. These can include primer design, thermal profiling of double-stranded nucleic acids and nested ampli- 
is fication. This particular embodiment of the present Invention is also amenable to multiplex fonrnats. For instance, if 
various primers are used such that more than one extended primer species is synthesized, they can be distinguished 
from each other by using a common energy transfer donor in the nucleotides and different energy transfer acceptors 
in each of the primers. Each of the individual nucleic acid products can then be identified by the spectral characteristics 
of the acceptor on the primer. 

20 [0150] Previous art has described the dual use of both a primer that comprises a first energy transfer element and . 
a dideoxyribonucleotide that comprises a second energy transfer element (Kwok and Chen, U.S. Patent No. 5,945,283). 
The present invention differs from this art in using nucleotides that are not strand terminators in the reaction mix thereby 
a) allowing for the possibility of multiple incorporation events and b) allowing sufficient synthesis that the extended 
strand could be used as a template for synthesis of a complementary nucleic acid if desired. 

25 

c. Energy transfer between labeled nucleotides 

[0151] In another embodiment of the present invention, It is disclosed that signal generation can take place during 
synthesis with labeled nucleotides only. In this particular embodiment, synthesis is earned out in the presence of at 

30 least one nucleotide that comprises a first energy transfer element and at least one nucleotide that comprises a second 
energy transfer element. The nucleotides that comprise first and second energy transfer elements may be the same 
nucleotide, for instance by using a mixture of dUTP, where some are labeled with an energy transfer donor and some 
are labeled with an energy transfer acceptor. On the other hand, they may be different nucleotides, for instance by 
using a mixture that has dUTP labeled with an energy transfer donor and dCTP labeled with an energy transfer acceptor. 

35 [0152] As described above, incorporation of nucleotides that comprise first and second energy transfer elements 
can take place during a single round of strand. extension, multiple rounds of extension of one strand for linear amplifi- 
cation, or by the provision of at least one second primer or nucleic acid construct for exponential amplification. Figure 
5 (D) shows a PGR amplification product where both donors and acceptors have been incorporated through labeled 
nucleotides. In the absence of incorporation," there will be little or no energy transfer between one nucleotide to another. 

40 However, once they have been incorporated into nucleic acid strands, they are in position to be able to allow energy 
transfer to take place. This can be through inlrastrand interactions in the same strand or through interstrand interactons 
between nucleotides on complementary strands. A particular nucleotide base may consist entirely of labeled nucleotide 
or there may be a mixture of labeled and unlabeled nucleotides. 

[0153] Although methods such as PGR and SDA produce double-stranded amplicons as their major product, there 
45 are systems such as NASBA that altemate between double-stranded DNA and single-stranded RNA forms. In these 
amplification methods, the present invention finds use by providing either energy transfer labeled deoxyribonucleotides 
for labeling the DNA or energy transfer labeled ribonucleotides for labeling RNA products. In the latter case the presence 
of both donor-labeled and acceptor-labeled ribonucleotides in the RNA strands would allow intrastrand energy transfer. 
As described previously, various methods may be employed to selectively generate signal only from appropriate am- 
50 piicons. These can include primer design, thenmal profiling of double-stranded amplicons and nested amplification. 
Additionally, since signal generation iri this particular embodiment of the present invention is derived from .the energy 
transfer between incorporated nucleotides, the method described by Singer and Haugland (U.S. Patent No. 6,323,337 
81) can also be used where the primers comprise energy quenchers. Quenchers that may be used for this purpose 
can include non-fluorescent derivatives of fluorescein, rhodamine. rhodol or triariylmethane dyes as described by Sing- 
S5 er and Haugland (op. cit.). 
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d. Energy transfer between a fluorescent intercalator and a labeled primer or nucleotide(s) 

[01 54) The previous embodiments of the present invention have utilized primers and nucleotides as energy transfer 
elements. Another embodiment of the present invention discloses that nucleic acid binding agents can be used as 
5 energy transfer elements after strand extension.- It has previously been described in U.S. Patent No. 4,868,103 that 
energy transfer can be used in a hybridization assay that involves a labeled probe and an intercalator. In contrast to 
this art, a labeled primer or nucleic acid construct with a first energy transfer element is extended to synthesize nucleic 
acids that can be bound by a nucleic acid binding agent that comprises a second energy transfer element and is 
substantially sequence independent. Binding can take place while the extended strand is still base-paired with Its 

10 template or after separation from the template i.e. the extended strand Is In double-stranded or single-stranded form. 
The nucleic acid binding agent can be a protein or a chemical that has a high affinity for nucleic acids. An example of 
proteins that may find use with the present invention may Include but not be limited to T4 gene 32 protein, SSB protein, 
histones and antibodies. The T4 gene 32 protein and SSB protein have affinities for single-stranded nucleic acids and 
the histones have an affinity for double-stranded nucleic acids. Antibodies specific for nucleic acids and for RNA/DNA 

»5 hybrids have been described in the literature (U.S. Patent No. 6,221 ,581 and U.S. Patent No. 6,228,578). Methods for 
attaching fluorescent labels to proteins have been widely described in the art. An example of a chemical that has a 
preferential affinity for single strand nucleic acids can include but not be linriited to SYBR^" Green II. An example of a 
chemical that has a preferential affinity for double-stranded nucleic acids can include but not be limited to Intercalators. 
Examples of intercalators that may find use with the present invention can include but not be limited to Acridine, Ethldium 

20 Bromide, Ethidium Bromide Homodimers, SYBR^*^ Green I, TOTO^m, Y0Y0t^». BOBO^m and POPQt*-. The binding 
agent can comprise a energy transfer element directly or indirectly. Proteins labeled with an energy transfer element 
would be examples of indirect means. The intercalators listed above would be examples of direct means. 
[01 55] Also, energy transfer to or from nucleic acid binding agents can be carried out by labeled nucleotides Instead 
of labeled primers if desired. When the nucleic acid is in double-stranded form, this embodiment of the present invention 

25 can take advantage of the ability of some Intercalators to have enhanced fluorescence upon binding to double-stranded 
nucleic acids. As has been mentioned earlier, this effect has been used by itself to monitor real time nucleic acid 
synthesis during amplification reactions. However, when used alone, this method suffers from the amount of back- 
ground exhibited by the dye alone or by dye binding to single-stranded primers. This deficiency may be overcome by 
the present invention since unbound dye should be unable to undergo an energy transfer interaction with unincorpo- 

30 rated labeled nucleotides. As such, the present invention should enhance the selectivity of signal generation compared 
to using a labeled nucleic acid binding agent alone. 

[0156] As described previously, various methods may be employed to selectively generate signal from only appro- 
. priate target molecules. These can Include primer design, thermal profiling of double-stranded ampltcons and nested 
amplification. 

35 

e. Energy transfer between a labeled probe and nucleotide(s) 

[01 57] There may be circumstance where the specificity contributed by nucleic acid probes may desirable. Therefore, 

another aspect of the present invention, discloses novel means of signal generation where at least one nucleic acid 
40 probe that comprises a first energy transfer element is used in conjunction with either nucleotides that comprise second 

energy transfer elements. Previous art has described the use of an energy transfer labeled primer and an energy 
. transfer labeled sequence specific probe {Wittwer et al. in U.S. Patent No. 6,1 74,870). In contrast to this art, the present 

method is not constrained to the use of a probe that is in proximity to the primer alone but allows the use a probe 

designed to anneal to any location on the nucleic acid strand that is desirable. In addition, the present Invention conveys 
45 the ability to use multiple energy transfer probes by using various segments of the extended nucleic acids as probe 

targets. Thus, when using nucleotides that comprise energy transfer elements, signal generation should take place 

after hybridization of labeled probes to the labeled nucleic acid strand. 

[0158] For instance, after strand-extension, the separation or removal of the template strand can allow the binding 
of a probe to a single-stranded extended strand and thereby allowing energy transfer to take place between first energy 

so transfer elements in the probe and second energy transfer elements that have been incorporated into the extended 
•strand. Energy transfer to or from first elements in the probe can be derived from the segments that are hybridized to 
the probe, or if they are in sufficient proximity, they may be from adjacent single-stranded regions. Another illustrative 
example of the present invention makes use of loop-mediated amplification (U.S. Patent Application Serial No. 
09/104,067; European Patent Application Publication No. EP 0 971 039 A). One of the structures generated by this 

55 system is a single-stranded loop adjacent to a double stranded stem. Therefore, as disclosed in the present invention, 
a probe can be bound to sequences in the loop region and undergo an energy transfer reaction with incorporated 
nucleotides. 

[01 59] In this embodiment of the present invention, specificity is generated by two factors. First, the strand extension 
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of a step that uses the discretionary power of nucleic acid hybridization can limit or even obviate the need for primer 
specificity. For example, an entire library of poly A mRNA sequences can be converted into a library of cONA copies 
by the use of a universal poly T primer. The library of cDNA strands can then be indiscriminately used as templates 
for second strand synthesis. Inclusion of a promoter into either the first strand primer (U.S. Patent No. 5,891 ,636) or 

5 second strand primer (Rabbani et a!., U.S. Patent Application Serial No. 09/896,897, filed on June 30, 2001) (both 
documents incorporated by reference) allows synthesis of multiple RNA copies of each individual original mRNA. When 
either this product or a cDN A copy is labeled, hybridization with a microarray of nucleic acids can be used to determine 
the amounts of any particular species in the original sample. The present invention can be employed with such methods 
by including first and second energy transfer elements in primers, nucleotides, probes, nucleic acid binding agents or 

10 the matrix itself. 

[0164] On the other hand, the nucleic acids of interest may be supplied by the user in known quantity and the em- 
bodiments of the various invention disclosed above may be used to synthesize labeled probes. For instance, a single 
purified species of a nucleic acid of interest might be provided as a template for labeling reactions with one or two 
primers. When a discrete group of varied nucleic acids is desired to be labeled, the primer sets can be expanded 
15 accordingly. Labeled probes can then be created by inclusion of first and second energy transfer elements by any of 
the means disclosed previously. These probes can then be used to identify the presence or quantity of unlabeled 
nucleic acids in samples in any of a variety of formats that are well known to those skilled in the art. 

h. Analytes as primer extension substrates ^ 

20 

[0165] It should also be noted that the nucleic acids of interest or copies of the nucleic acids of interest may also be 
used directly in strand extension reactions either as substrates for terminal transferase addition, ligation or by acting 
as primers. For example, terminal transferase can be used for the template Independent addition of first energy transfer 
elements onto the 3' ends of either Individual nucleic acids or a library of nucleic acids. Second energy transfer elements 

25 can then be included as part of the terminal addition reaction or they can comprise primers, probes, nucleic acid binding 
agents or solid supports. In another illustrative example, restriction digestion of ONA can be followed by terminal ad- 
dition of a mixture of nucleotides with first and second energy transfer elements. Various Individual species of nucleic 
acids can then be hybridized to various capture sequences on discrete loci of an array to measure the presence or 
amount of individual labeled sequences. 

30 [0166] It is also a subject of the present Invention that analytes or copies of analytes can be used as primers in 
template dependent labeling reactions. In this context. Incorporation in itself may be used as an assay since template 
directed synthesis should be dependent upon the presence of discrete sequences in the analytes that correspond to 
their complements, in appropriate hybridized templates. Thus a desired nucleic acid sequence can be specifically la- 
beled in the presence of other nucleic acids that may be present in a mixture. Although at least one segment of the 

35 template Is designed to match the desired analyte sequence, the segment of the template that is used direct the se- 
quences added onto the analyte can be either a natural sequence or an ariDitrary sequence. 

[0167] As an Illustrative example of this method, a library of polyA mRNA can be labeled in the presence of total 
RNA by using a probe that comprises a first segment that comprises Poly T and a second segment that can be used 
as a template. When bound to the poly A sequences of the mRNA through the first segment, the 3* end of the mRNA 

40 can be extended using the second segment as a template. The nucleotides that are incorporated using the second 
segment as a template can be either labeled or unlabeled. Examples of artificial sequences that may find use as second 
segments can include primer binding sites, RNA promoter sequences. Another illustrative example is a series of probes 
that comprise first segments complementary to the 3* ends of discrete bacterial RNA species. For each particular 
species-specific segment, a discrete template sequence can be used. After specific priming by the RNA present in a 

^5 sample, evaluation can be carried out with an array that has capture sequences complementary to the extended se- 
quences thereby separating out the individual extended RNAs. And lastly, cONA copies can be made from a pool of 
mRNA using standard techniques. Each cONA that represents a full copy of the original mRNA should have a discrete 
3' end that represents the 5' end of the original mRNA. Template/Probes could then be used for each cONA that is 
' desired to be quantified. In these illustrative examples of using an analyte as a primer In template dependerit extensions, 

50 labeling may take place by incorporation of a single labeling species as described in previous art or the methods that 
have been disclosed above may be employed using first and second energy transfer elements.. 

1 1. Fragmentation and/or Incorporation of Desirable Nucleic Acid Segments 

55- a. Template dependent addition of desirable nucleic acid sequences to the ends of analytes 

[0168] It is another aspect of the Invention to provide novel compositions and methods for the template dependent 
addition of desirable nucleic acid sequences to analyte or target nucleic acids. In prior art, poly A sequences have 
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been relied upon as the basis for most methods of manipulation of mRNA. Furthenmore, the utility of mRNA has derived 
from its use as a template to carry out any and all such manipulations. For instance, Poly A has been used as a primer 
binding site for making cDNA copies and carrying out linear or exponential amplification of mRNA. However, as de- 
scribed previously, this feature is not universally shared among all RNA targets. Furthermore, it is a selective feature 

5 for the 3' end of mRNA. In contrast to this art, the present invention overcomes the limited scope of analysis of nucleic 
acids by viewing and using an analyte or target nucleic acid not as a template but as a substrate for strand extension, 
i.e. as a primer. As such, the nucleic acid constructs that are provided for thes^ processes are not used as primers but 
rather they serve as templates to enable analyte or target nucleic acids to incorporate any arbitrary sequence that is 
desired by the user. Such sequences can comprise promoters, primer binding sites or signal generating moieties. 

10 [0169] In the present invention, methods that may be directed for use with nucleic acid analytes may also be used 
. with any desirable nucleic acid target as well. Analytes can comprise single desirable sequences or they nriay be a 
library of various sequences. Analyte or target nucleic acids may be comprised of RNA or ONA as well as copies of 
RNA or DNA. The analyte or targets nucleic acids may be extracted from biological samples or they may have been 
produced in vitro. They may also have undergone procedures and. processes such as digestion, fragmentation, am- 

15 plificatlon, extraction and separation. 

[0170] The present invention discloses that the ends of nucleic acids can be'hybridized to complementary chimeric 
nucleic acid constructs (CNACs) that comprise two segments. The first segment comprises nucleotides or nucleotide 
analogues that are capable of binding or hybridizing to the 3' ends of the analytes. The second segment comprises 
nucleotides or nucleotide analogues that can be used as a template for extension of the 3' end of the analyte. In contrast 

20 to prior art, methods are disclosed that do not rely upon the presence of a selected sequence such as a poly A segment 
at the ends of the aniyte, but rather the present invention discloses methods where any and all sequences that may 
be present at the 3* end of an analyte or library of analyte are sites for binding and template-dependent extension 
reactions. In the present invention, template-dependent strand extension can take place either by incorporation of 
individual nucleotides (polymerization) or by addition of pre-syrithesized oligonucleotides (ligation). It should be pointed 

25 out that although the inventions are commonly described in terms of 3* extension since this is a characteristic of polymer- 
ase driven processes, when ligation is used instead, the 5' end is also a suitable substrate for template dependent 
strand extension. The ability to introduce arbitary nucleic acid sequences into the 3' end of a target or analyte nucleic 
acid provides a simple and powerful vehicle for transforming an analyte Into a' probe or a nucleic acid construct that 
could be used for further manuipulations. A library of nucleic acids with various sequences can also be converted into 

30 a library with universal sequences that could be later used for further manipulation directly In a controlled and measured 
manner for signaling purposes, priming events, capture events or amplification events. 

[0171] In one particular embodiment of the present invention, a set of CNACs is used where the first segment com- 
prises all the potential permutations of nucleotide sequences. Thus, if the first segments of the set of CNACs comprise 
6 variable nucleotides, the first nucleotide (N^) can be G, A T or C, the second nucleotide (Ng) can be G, A T or C etc. 

35 and the set itself will comprise 4^ (4,096) different CNACs. In this sense, it has similarity to the use of random primers 
for synthesis of nucleic acid copies. However the present invention differs from random priming in that the CNACs are 
not extended themselves (i.e., act as primers) but provide complementary binding to the analytes such that the second 
segment of the CNAC can be used for template dependent extension of the analyte. For this purpose, it is preferred 
that the ends of the CNACs be blocked. Thus although the present invention uses random sequences, the side reaction 

^0 of random primers using each other as primers and templatesis completely avoided. The present Invention also differs 
in that the binding of random primers to any particular site of an aniyte allows an extension event. In the present 
invention, it is only when the CNAC binds to a complementary sequence at the end of an analyte that an extension 
event takes place. Although, there will be random binding and disassociation of the CNACs at multiple sites on the 
. analyte strands, this is not a true equilibrium situation since there is actually a dynamic favoring of binding to the ends. 

45 For instance, juxtaposition of a 3'OH in the analyte and a complementary CNAC can bind a polymerase and form a 
complex that would be more stable than a CNAC bound to an Internal site. In addition to providing a longer half-life of 
binding of the CNAC to "the terminus by complex formation, the complex generates an even more stable form by" 
extending the analyte, thereby increasing the number of bases that are complimentarily base paired. This disequilibrium 
can be carried out in an isothermal reaction, or if preferred, the reaction temperature can be raised to promote disso- 

50 elation of CNACs from non-productive binding sites followed by a return to the same reaction temperature to promote 
another round of binding of CNACs to analytes. If desired, these variable conditions can be recycled multiple times to 
optimize the amount of analyte ends that undergo template-dependent addition. 

[01 72] It is a further objective of the present Invention to disclose novel compositions and methods that utilize CNACs 
synthesized with universal bases I.e.. bases that can base pair with more than one complementary base. Nucleotides 
55 or nucleotide analogues that comprise universal bases can contribute stability without adding complexity. Therefore, 
in this aspect of the present invention, a novel CNAC Is disclosed that comprises two segments as described above, 
but instead of using permutations of nucleotides, universal bases that lack sequence specificity are used in the first 
segment. For instance, an example was given above with a set of CNACs that comprised permutations in 6 positions 
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The present invention allows non-potyadenylated nucleic acids to be manipulated with the same ease of use previously 
accorded to poly A mRNA. Thus, the present invention can be used with ONA, hnRNA, snRNA, tRNA, rRNA , bacterial 
mRNA or any RNA lacking a.poly A sequence. Even poly A mRNA may find use with the present invention. The reliance 
upon the 3' poly A tail has led to a bias towards the infonmation contained in this end. In most methods of prior art, 
5 sequences at the other end of mRNA were still dependent upon the efficiency with which a priming event at the 3* took' 
place. Accordingly, any interruptions in the copying process or a scission between the 5' end and the poly A end reduced 
the amount of 5' sequences that were available for study or manipulation. Thus, even a single nick In a large mRNA 
molecules eliminated the use of the 5' end of the molecule and numerous reports and even commercial products are 
dedicated towards the preservation of the continuity between the 5* and 3* ends of mRNA during its isolation. Since 

10 the present invention discloses methods that are independent of poly A, fragments of poly A RNA that have become 
separated from the poly A region remain available for use and study. 
■ [0178] In fact, such a fragmentation process can be advantageous since all segments of the poly mRNA can be 
independently and efficiently used with no bias derived from their relationship to the 3' end. This fragmentation will be 
especially useful for hnRNA which has remained an underutilized area of research. This neglect has stemmed from 

'5 two characteristics of hnRNA: the lack of poly A as a handle and the very large average size. Although the introns that 
are present in hnRNa lack coding sequences for the final gene product, there are likely to be a large number of se- 
quences that do not appear in the final product that are important in control, regulation and interaction with other genes 
and gene products. The present Invention will allow the sequences present in hnRNA to be as completely accessible 
as the polyA mRNA sequences had been previously. 

20 [01 79] Although many of the embodiments of the present invention are described in terms of RNA analytes. it should 
be pointed out that many of these processes can easily be applied to DNA fragments as well. Methods that can be 
used for the fragmentation processes described above can be physical or enzymatic. Physical means can encompass 
any chemical process as well as mechanical shearing and sonication. Enzymatic processes for fragmentation that may 
find use with the present invention can include but not be limited to endoucleases such as SI nuclease, mung bean 

25 nuclease, RNase, DNase and restriction enzymes. It is a further point of the present invention that analytes can be 
treated with phosphatases if required, to provide an extendable 3' end. The CNAC of the present invention can comprise 
DNA, RNA or any combination thereof and the nucleotides may be modified or unmodified as desired. The CNACs 
may comprise standard nucleotides or they may comprise nucleotide analogs, sugar analogs and phophate analogs. 
Examples of each of these are peptide nucleic acids (PNAs). arabinosldes and phosphorothloate linkages. 

30 ■ 

b, CNAC for site specific fragmentation 

[0180] The utility of universal bases to providing stability without adding complexity finds application in -other proc- 
esses as well. Another aspect of the present invention discloses compositions and methods forcontrolled fragmentation 

35 of an analyte or library of analytes, A novel CNAC is disclosed that comprises two segments, a first segment that 
comprises universal nucleotides to provide non-specific binding and a second segment with a discrete selected se- 
quence that will generate a complex that provides endonucleolytic digestion. Under appropriate hybridization condi- 
tions, the CNAC will create an endonuclease susceptible site at each location in the analyte that is sufficiently com- 
plementary to the second- segment of the CNAC. The size and nature of the selected sequence will determine the 

"^0 average spacing between endonuclease sites and therefore the particular average size of fragments. For example, a 
CNAC that comprises a second segment with 4 or more deoxyribonucleotides should form a complex that is a substrate 
for RNase H. This should lead to a scission at each site in the analyte that is complementary to. the second segment. 
On average, a given 4 base sequence should appear about every 250 bases. A smaller size distribution can also be 
obtained by the use of more than one CNAC thereby increasing the number of potential digestion sites. If preferred, a 
larger second segment can be used and hybridization/digestion conditions applied such that the complex is fonned at 
more infrequent intervals and hence a larger average distribution in fragment sizes. Specificity may also be Increased 
by the addition of discrete bases in either the first or third segments and using conditions such that stable hybrids are 
only formed with stability generated by proper base pairing of these bases as well. 

[01 81 J The same method can also be applied to digestion of single-stranded DNA. The second segment of a CNAC 
so can be designed with a recognition site for a restriction enzyme. Since most restriction sites are only 4 to 6 bases, the 
presence of the universal bases in the CNAC should provide a much more stable hybrid than using a 4 to 6 base 
segment alone. Although in this particular embodiment of the present invention, the second segment is used for frag- 
mentation, it may also be used as a template for strand extension for incorporation of a desirable nucleic acid sequence 
into a fragmented analyte after endonucleolytic digestion. As described previously, this can provide a means for tern- 
55 plate-dependnent Incorporation of a labeled nucleotide or oligonucleotide to label the analyte fragments at their termi- 
nus. 

[0182] If preferred, the CNAC disclosed above can further comprise a third segment. For instance, the third segment 
can comprise another set of universal bases flanking the other side of the discrete bases in the second segment. This 
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CNAC could be represented by the formula "Un-Dp-Uq" where the "n" represents the number of universal bases in the 
first segment, "p" represents the number of discrete bases in the second segment and "q' represents the number of 
universal bases in the third segment. The additional third segment can provide additional stability or it may make the 
hybridized second segment a more efficient enzyme substrate tor endonucleolytic digestion. Alternatively, the first and 

s second are as described above and the third segment is a discrete nucleic acid sequence that provides a template for 
incorporation of one or more labels or a desirable nucleic acid sequence as described previously. Since the universal 
bases allow for indiscriminate binding, the reactions can take place under conditions where only hybridization events 
that Include proper alignment with the discrete bases in a CNAC form stable hybrids between the CNAC and the 
analyte. Alternatively, thermocycling can be carried out to dissociate CNACs that are non-productively bound and allow 

10 additional binding events that lead to site-specific fragmentation until substantially all of the desired sites on the analyte 
have been digested. 

c, CNACs for digestion/ extension 

'5 [0183] In another aspect of the present invention, novel CNACs are disclosed that comprise,at least two segments 
where the first segment is complementary to a first analyte nucleic acid sequence and the second segment is comple- 
mentary to a second analyte nucleic acid sequence. The CNAC is designed such that after mixing it with an analyte 
nucleic acid, hybridization of a first segment to a first analyte nucleic acid sequence forms a first complex that is resistant 
to a particular endonuclease, while hybridization of a second segment to a second analyte nucleic acid sequence forms 

20 a second complex that is a substrate for the endonuclease. Furthenmore, the second complex is capable of asymmetric 
cleavage such that only the analyte strand is subject to nicking or removal of nucleotides by the endonuclease. This 
treatment generates a new 3* end in the analyte strand that can then be used for the template dependent addition of 
nucleotides or oligonucleotides to the analyte strand. 

[0184] The CNAC may further comprise a third segment that may or may not be complementary to a third analyte 

25 nucleic acid sequence. The third segment of a CNAC Is distinguished from a second segment in that a third segment 
does not generate a third complex that is sensitive to endonucleolytic digestion. When the third segment is not com- 
plementary to the third analyte nucleic acid sequence, a third complex is never formed. On the other hand, when the 
third segment is complementary to a third analyte nucleic acid sequence, a third complex is fornied, but endonuclease 
resistance is endowed by any of the means that can be employed to render a first complex resistant. After endonuclease 

30 digestion, the sequences in the second and third segments may act as templates for strand extension from a 3' end 
that has been generated by action of the endonuclease. The strand extension may be carried out by a template- 
dependent polymerizing enzyme (DNA polymerase or reverse transcriptase), or a template dependent ligation enzyme 
(DNA tigase). Fragments generated by endonuclease digestion may be further be subjected to kinase or phosphatase 
treatment, in order to add or remove phosphate groups at the 3' or 5' end as may be desired. 

35 [0185] . Analytes that may find use in the present invention can be either be DNA or RNA depending upon the nature 
, of the CNAC and the endonuclease. Sequences in the analytes that may. be used in the present invention may be 
discrete individual sequences, consensus sequences, or generic sequences that are present in all or most of a library 
of analytes. Examples of RNA that may find use with the present invention can include but not be limited to hnRNA, 
rRNA, mRNA, tRNA, or snRNA. Examples of DNA that rtiay find use with the present invention can include but not be 

40 limited to chromosomal, single-stranded, plasmid. viral, bacterial DNA. Digestion of the second complex can be carried 
out by endonucleases such as RNase H and refstriction enzymes. Prior to hybridization with the CNAC, the target 
nucleic acid or analyte nucleic acid may also have undergone pre-treatments including, digestion, fragmentation, ex- 
traction and separation. These fragmentation p re-treatments can include physical means, such as shearing, sonication 
or chemical treatment. Pretreatments may also include endonuclease or exonuclease digestions. Examples of endo- 

45 nucleases that might find use in the present invention for pre-treatment can-Include but not be limited to 31 nuclease, 
mung bean nuclease, restriction enzymes, DNAse, ribonuclease H and other RNases. 

[01 86] The various segments of chimeric nucleic acid construct polymer may be comprised of the same or different 
backbones. For example, a first segment of a CNAC can comprise oligo-ribonucleotides and the second segment can 
comprise oligo-deoxyribonucleotides. Generally, the sugar-phosphate backbone may comprise a natural element, such 

so as phosphate, ribose, or deoxyribose, or it may comprise analogs of phosphates such as phosphorothioates, or analogs 
of sugars such as. arabinosides. If desired, the 3* or 5' end of a CNAC may be blocked to prevent it from acting as a 
primer or from participating in ligation. The segments of a CNAC may further be comprised of a synthetic backbone, 
such as a polypeptide. Any synthetic polymer can be used as backbone as long as bases can be added in the proper 
orientation so that base pairing can take place. A prominent example of such a synthetic polymer that has this capability 

55 and usefulness is a peptide nucleic acid (PNA). The bases may be comprised of natural purine and pyrimidine bases 
as well as modified versions thereof. The bases may also comprise analogs of natural bases. For instance, the universal 
bases discussed previously may also find use In this embodiment of the present invention. Different segments of a 
CNAC may comprise the same or different backbones and comprise any base stnjctures or elements, depending on 
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BNase H f example would be ^^^^^J^,,^ restriction ^"V"^;^'' ^"^^^^^^^^^^ design the second 

sequence and a f.rst seg^^n'^J ^ complex is ^^'^^^^^.^^ t^e analyte ^^''"^""J'" "introduction ot a- 

-^'"^"'^r^YsSraTeroItl specific 

3, „„,el nucleic ac,d SM"'"" « ' ^ car 8e9".enB ».« J, dll1er.nl 

" bsr;Sa:f&:— ^^^^^^ 

segment and the analyte b) hybn*2 ^^^^^.^^^ ^^s^stant to the act. ^^^.^^^^^ f ToSate segment. 

strand should ^;^;X^d seQ--' '"^^ '^^"^'^Sat upon which the cleaved ^^^^^^^^^^ ^^alyte. Through 
50 [01911 Generally, ^he th ^8 ^ ^^oUny desirable nucleic ac'^ ^^^^"^J^l^ents such as primer 

target nucleic aad^The h ^^^^^ -.nuoducUon of any ^ ^^^^ ^^,3^^ °/ °'' e hod universal sequences 
can act as a P"'"^^^"^^'',^ sequence '"troductmn to an analy ^ ^^^^^^^ ^ , ^etnod a 

such a template <leP®"°^".„,,„rtHced directly to an analyte. furin ^ template tor in 

Ldingsequencescan be .nt J^^^ ^^^^ ^°toTre op e'^^^^^ f 1ThS> a eli^c'rp-ated b, 



10 



15 



20 



CP 1 344 835 Aii 

^ Further such a se- 

quence or sequences -^^^^^^ll,^ 3.-OH m the rerr^^^''X^S^ pn'-'"^ ''*'"",tcTS?hree sequence 

steps can be ^"'^^"''^^^^.^^^ at desired nucleic acd seq sequences in a tern, 

segments, one can ^^^'^^^^^^^ sequence s.tes. .„„,,,ction of desirable ^^^"^^^^^ operties and 
quence. including anV P^f^ J'^'^ present invention allocs '"'^^^^^^^ ^, ^^^^es J^^'^^^^ed by means • 
L92I The various teachings in tn p owenng f»^«.^"f; ^1^^ cNAC and/or an anaW^ 'abe. 

reference). This -'""l^J ^^^^^^^^^^ ,e used in nucleic acd ar^^y^n y ^^^^^ ^^^^.^^ ^^'"C ridized analytes may be . 

a homopolymer sequence^ Hom°P y ,e of the a "' -s usually necessary 

a cONA copy of "^"Nj'J°3^,t invention discloses a CNA^ ^^^^ ^ "°"'''trof a particular endonuclease^ 

101941 AS ^"^'^•^f.^^omopolymeric.sequenceandjsd^^^^^^^^^ but fom^s a second . 
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The size of the se9"'«"'^ °' '"^.ft-^ieat portion of the horriopolym 

endonuclease digestion and a suffic comprise a third segment that rnj/^^^^^ ^^^^^^ 

The nucleotides in the various s s 



25 



30 



35 



40 



45 




EP 1 344 835 A2 

bases or combination thereof that may provide either a weaker or strengthened hybrid formation with a desired se- 
quence. For instance, the use of universal bases in a third segment can allow synthesis of a complementary segment 
. that has a weaker than normal binding. Thus, if the new segment on the analyte is desired to be used as a primer 
binding site, a primer with nonnal base that were complementary to the primer binding site would have a competitive 

5 edge over re-annealing by the universal bases in the CNAC. 

[0198] . It will be readily appreciated by those skilled in the art that any of the compositions, solid supports, reagents, 
dyes, primers, nucleic acid constructs, and the like, can be formulated as kits, which can be employed for carrying out 
any of the processes described or claimed herein , and variations of such processes. For example, kits can be fonnulated 
as protein or nucleic acid labeling kits, nucleic acid processing kits, kits for incorporating desired nucleic acid sequences, 

'0 amplification kits for amplifying targets, analytes and even a library of analytes. Post-synthetic and real time amplifi- 
cation kits can also be fonnulated from the compositions, solid supports,. reagents, dyes, primers, nucleic acid con- 
structs, and the like. 

[0199] Specific embodiments of the invention are: 

^5 1 . A composition of matter comprising at least two parts: 

a first part comprising at least one first nucleic acid primer or nucleic acid construct that comprises 

(i) at least one first energy transfer.element; and 
20 (ii) nucleic acid sequences which are complementary to sequences in at least a portion of a nucleic acid ' 

of interest; a second part comprising at least one second nucleic acid primer or nucleic acid construct that • 

. comprises: 

(i) at least one second energy transfer element; and 
25 (Ii) nucleic acid sequences which are identical to nucleic acid sequences in at least a portion of said nucleic 

acid of Interest; 

wherein said first nucleic acid primer or nucleic acid construct does not comprise said second energy 
transfer element, and wherein said second nucleic acid primer or nucleic acid construct does not comprise 
said first energy transfer element. 

30 

2. The composition of Item 1 , wherein either said first energy transfer element is an energy donor and said second 
energy transfer element is an energy acceptor, or said first energy transfer element is an energy acceptor and said 
second energy transfer element is an energy donor. 

35 3. The composition of item 1 , wherein said first nucleic acid primer or construct comprises more than one first 

energy transfer element. 

4. The composition of item 1, wherein said second nucleic acid primer or construct comprises more than one 
second energy transfer element. 

<o 

5. The composition of item 1 , wherein said first part comprises more than one nucleic acid primer or nucleic acid 
construct, or said second part comprises more than one nucleic acid primer or nucleic acid construct, or both said 
first part and said second part comprise more than one nucleic acid primer or nucleic acid construct. 

^5 6. The composition of item 5, wherein said more than one nucleic acid primer or nucleic acid construct comprise 

identical or different nucleic acid sequences. 

7. The composition of Item 1 , wherein said first energy element and said second energy element independently 
comprise fluorescein, fluorescein Isothiocyanate (FITC), 6-carboxyfluorescein {6-FAM), naphthofluorescein, rhod- 
so amine, rtiodamine 6G, rhodamine X. rhodol, sulforhodamine 101, tetramethylrhodamine (TAMRA), tetramethyl- 

rhodamineisothiocyanate (TRITC). 4,7-dichlororh6damine, eosin. eosin Isothiocyanate (EITC), dansyl. hydroxy- 
.coumarin, methoxycoumarin orp-{Dimethyl aminophenylazo) benzoic acid (DABCYL), cyanine dyes, or derivatives 
of any of the foregoing. 

55 8. The composition of item 7. wherein said cyanine dyes or derivatives comprises Cy3 or Cy5. 

9. The composition of item 1 , wherein at least one of said nucleic acid primers or constructs is fixed or immobilized 
to a solid support. 
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10. The composition of item 9, wherein said solid support comprises beads, tubes, microliter plates, glass slides, 
plastic slides, microchip arrays, wells or depressions. 

1 1 . The composition of item 1 , wherein said fixation or immobilization is direct or indirect. 
12 A composition of matter comprising at least two parts: 

a first part comprising at.least two segments, 

wherein said first segment comprises a first nucleic acid primer or nucleic acid construct and at least one first 
energy transfer element, and said second segment comprises primer-extended complementary to at least a 
portion of a nucleic acid of interest; and 
a second part comprising at least two segments, 

wherein said first segment of said second part comprises a second nucleic acid primer or nucleic acid construct 
and at least one second energy transfer element; 

and wherein said second segment of said second part comprises a primer-extended nucleic acid sequence 
which is identical to at least a portion of said nucleic acid of interest; 

wherein said first nucleic acid primer or nucleic acid construct does not comprise said second energy transfer 
element, and wherein said second nucleic acid primer or nucleic acid construct does not comprise said first 
nucleic acid energy element. 

13. The composition of item 12, wherein either said first energy transfer element is an energy donor and said 
second energy transfer element is an energy acceptor, or said first energy transfer element is an energy acceptor 
and said second energy transfer element is an energy donor. 

'14. The composition of item 12, wherein said first nucleic acid primer or construct comprises more than one first 
energy transfer element. 

15. The composition of item 12, wherein said second nucleic acid primer or construct comprises more than one 
second energy transfer element. 

.16. The composition of item 1 , wherein said first part comprises more than one nucleic acid primer or nucleic acid 
construct, or said second part comprises more than one nucleic acid primer or nucleic acid construct, or both said 
first part and said second part comprise more than one nucleic acid primer or nucleic acid construct. 

1 7. The composition of item 16, wherein said more than one nucleic acid primer or nucleic acid construct comprise 
identical or different nucleic acid sequences. 

1 a. The composition of item 1 2, wherein said first energy element and said second energy element independently 
comprise fluorescein, fluorescein isothlocyanate (FITC), 6-carboxyfluorescein {6-FAM), naphthofluorescein, rhod- 
amine. rhodamine 6G, rhodamine X, rhodol, sulforhodamine 101, tetramethylrhodamine (TAMRA), tetramethyl- 
rhodamineisothiocyanate (TRITC), 4,7-dichIororhodamine, eosin, eosinisothiocyanate (EITC), dansyl, hydroxy- 
coumarin. methoxycoumarin orp-(Dimethyl aminophenylazo) benzoic acid (DABCYL), cyanine dyes, or derivatives 
of any of the foregoing. 

1 9. The composition of item 1 8, wherein said cyanine dyes or derivatives comprises Cy3 or Cy5. 

20. The composition of item 1 2, wherein at least one of said nucleic acid primers or constructs is fixed or immobilized 
to a solid support. 

21 . The composition of item 20, wherein said solid support comprises beads, tubes, microtiter plates, glass slides, 
plastic slides, microchip arrays, wells or depressions. 

22. The cornposition of item 12, wherein said fixation or immobilization is direct or indirect. 

23. The composition of item 12, wherein said primer extended sequence was added or effected by a ONA polymer- 
ase. 

24. The composition of item 12, wherein said primer extended sequence was added or effected by a ligase. > 
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■ .. (i) the composition of- item 1 ; _ ^^.^ interest; and 

i!) a sample suspected of ""^^^^^^^^^^^^^ extension; . 
(iii) reagents for carrying out nucleic acio sir 
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36. The process of .lem 34. pnn,er-extended 
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■ . i,«m -iA Wherein said nucieii- 
43. The Process of .tern 3_ ^^^p ^^^^ elernent is an energy 

during said reaction m.xture either said first en^ ^^^^^'^^^^^^^ element is an 

« o, item 34, wherein in said P™-;'^'"^ acceptor, or said f.rst energy 

44 The process of item i-*. element is an eneryy ^^^^ 
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55. A composition of matter that comprises a nucleic acid strand, said strand comprising two segments, the first 
• segment comprising a primer or a nucleic acid construct; and said second segment comprising a primer-extended 

sequence, wherein said primer or nucleic acid construct comprises a first energy transfer element, and wherein 
said primer-extended sequence comprises a second energy transfer element, and wherein said primer-extended 
sequence comprises more than one nucleotide. 

56. The composition of item 55, wherein said first energy transfer element is an energy donor and wherein said 
second energy transfer element is an energy acceptor. 

57. The composition of Item 55, wherein said first energy transfer element is an energy acceptor and wherein said 
second energy transfer element Is an energy donor. 

58. The composition of any of Items 55, 56 or 57, wherein said first nucleic acid primer or constnjct comprises 
more than one first energy transfer element. 

59. The composition of any of items 55, 56 or 57, wherein said primer-extended sequence comprises more than 
one second energy transfer element. 

60. The composition of item 55, wherein said first energy element and said second energy element independently 
comprise fluorescein, fluorescein isothiocyanate (FITC). 6-carboxyfluorescein (6-FAM), naphthofluorescein, rhod- 
amine, rhodamine 6G, rhodamine X, rhodol, sulforhodamine 101, tetramethylrhodamine (TAMRA), tetramethyl- 
rhodamineisolhiocyanate (TRITC), 4,7-dichlororhodamine, eosin, eosinisothiocyanate (EITC), dansyl,. hydroxy- 
coumarin, methoxycoumarin orp-(Dimethyl aminophenylazo) benzoic acid (DABCYL), cyanlne dyes, or derivatives 
of any of the foregoing. 

61 . The composition of item 60, wherein said cyanlne dyes or derivatives comprises CyS or Cy5. 

62. The composition of item 55, further comprising a second nucleic acid strand, said second strand comprising 
two segnrients, the first segment comprising a primer or a nucleic acid constmct; and said second segment com- 
prising a primer-extended sequence, 

wherein said primer or nucleic acid construct comprises a first energy transfer element, and wherein said primer- 
extended sequence comprises a second energy transfer element. 

63. The composition of Item 55 or 62, wherein at least one of said nucleic acid primers or constructs is fixed or 
Immobilized to a solid support. 

64. The composition of item 63, wherein said solid support comprises beads, tubes, microtlter plates, glass slides, 
plastic slides, microchip arrays, wells or depressions. 

65. The composition of item 63 or 64, wherein said fixation or immobilization is direct or indirect. 

66. A process for detecting qualitatively or quantitatively the presence of a single-stranded or double-stranded 
nucleic acid of interest in a sample, said process comprising the steps of: 

(a) providing 

(1) a sample suspected of containing said nucleic acid of interest; 

(ii) a nucleic acid primer or nucleic acid construct that coniprises: 

(A) a nucleic acid sequence complementary to at least a portion of said nucleic acid of interest and 

(B) a first energy transfer element; 

(iii) labeled nucleotide or nucleotides comprising a second energy transfer element; and 

(iv) reagents. for carrying out nucleic acid strand extension; 

(b) forming a reaction mixture comprising (i), (ii), (iii) and (iv) above; 

(c) contacting under hybridization conditloris said nucleic acid primer In said composition (ii) with said nucleic 
acid of interest; 
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(d) extending said nucleic acid primer by more than one nucleotide, thereby incorporating said tjabeled nucle- 
otide or nucleotides; and 

, (e) detecting the presence or quantity of said nucleic acid of interest by means of energy transfer between 
said first energy transfer element in said nucleic acid primer and said second energy transfer element in an 
incorporated nucleotide. 

67. The process of item 66, wherein said nucleic acid of interest (i) has been rendered single stranded before or 
during said reaction mixture forming step (b). 

68. The process of item 66, wherein prior to the detecting step (e), said process further comprises the step of (b') 
separating said extended nucleic acid from the nucleic acid of interest and repeating the contacting step (c).and 
the extending step (d). 

69. The process of item 68, wherein said separating step (b'). said contacting step (c) and said extending step (d) 
are repeated one or more times. . 

70. The process of item 66, wherein in the providing step (a), said reagents (v) comprises a thermostable DNA 
polymerase. 

71. The process of item 68 or 69, wherein said separating step is carried out by thermal denaturatlon or strand 
displacement. 

72. The process of item 66, wherein in said providing step (a), either said first energy transfer element is an energy 
donor and said second energy transfer element is an energy acceptor, or said first .energy transfer element Is an 
energy acceptor and said second energy transfer element is an energy donor. 

73. The process of item 66, wherein in said providing step (a), said nucleic acid primer or construct comprises 
more than one first energy transfer element. 

74. The process of item 66, wherein in said providing step (a), said first energy element and said second energy 
element independently comprise fluorescein, fluorescein isothiocyanate (FITC), 6-cariDoxyfluorescein (6-FAM), 
naphthofluorescein, rhodamine, rhodamine 6G, rhodamine X, rhodol, sulforhodamine 101, tetramethylrhodamine 
(TAMRA), tetramethylrhodamineisothiocyanate (TRITC), 4,7-dichlororhodamine, eosin, eosinisothlocyanate (El- 
TC), dansyl, hydroxycoumarin, methoxycoumarin or p-(Dimethyl aminophenylazo) benzoic acid (DABCYL), cya- 
nine dyes, or derivatives of any of the foregoing. 

.75. The process of item 74, wherein said cyanlne dyes or derivatives comprises Cy3 or Cy5. 

76. The process of item 66, wherein said nucleic acid primer or construct is fixed or immobilized to a solid support. 

77. The process of item 76, wherein said solid support comprises beads, tubes, microtiter plates, glass slides, 
plastic slides, microchip arrays, wells or depressions. 

78. The process of item 76. wherein said fixation or immobilization is direct or indirect. 

79. The process of items 66, 68 or 69, wherein any or all of said steps are carried out In a closed container system. 

80. The process of item 79, wherein said closed container system comprises an illumination source and a detection 
device or unit, 

81. A process for detecting qualitatively or quantitatively the presence of a single-stranded or double-stranded 
nucleic acid of- interest in a sample, said process comprising the steps of: 

(a) providing 

(i) a sample suspected of containing said nucleic acid of interest; 

(ii) a first nucleic acid primer or nucleic acid construct that comprises a nucleic acid sequence comple- 
mentary to at least a portion of one strand of said nucleic acid of interest; 



45 



Fp 1 344 835 A2 

mprises a nucleic acid sequence idenUcal 

Sitacid'sequenceandasepon^^^^^^^^^^ .. 
llond energy transfer element ^^^^^^^ 

a first energy element .n an .ncorpor .^^^^^^^ p^^3,„, 

Stealing step (d). _ ^, 33parating said first P^^^-^;;^, 
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89 The process of items 81, 84.8b o 
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, 81 Wherein in said providing step (a), said "-^-^f^f ^^^^^^^^^ 
94. The process of item S^.^l^^^^" J" fluorescein isothiocyanate (FITC). e-caro ^ ,,f,odarnine 

element independently ^°'"P"=^ """'^tn^ Vn eoSr^TsSyanate (El- 

naphthofliiorescein, rhodamme, r^'"'!^'"'"® ° , " ' o 4.7-dichlororhodamine, eos.n. eosm.so h,o y 
Ta'mRA), te— .rhodarr^n^^^^^ an.inopheny.azo) .enzo« acd (DABCYL). cy 

rr\ dansvl hydroxycoumann. meinoxyouu 

• ^w«e nr derivatives compnses Cy3 or oyo. 

------'''^^^^^^^^ 

96 The process of item 81 . Wherein at .east one 0, sa.d frst or sec 
or immobi.ized to a so.id support. 

97 The process of item 96, wherein said so.id support compnses beads. 
p'Jic s.res. microchip arrays. we.is or depress,ons. 

, Item 96 wherein said fixation or ^mot^iiization is direct or ind.rect. 
98. The process of Item 96. Wherein 5 .^ipd out in a closed container 

100. The process of Item 99, wnerein 5»ci 

tion device or unit. ^ ^«,„nri<5ina two segmenls. the first 

said second energy transfer e.ement .s an energy ^^^^^^ „er„ent independent.y 

,04.Thecompositionofitem10.wher.^^^^^^^^^^^ 
omprisef.uorescein.f.uorescem.sotho2^. F^^^ 

. . amine. rhodamineSG rhod^ne X^^^^^^^^^^^^ 

rurrSo^^crr^^^^^^^^ 

40 of any of the toregomg. .ru-^orCvS 

Wherein said Pri"^---''^^"^ f JeTer^^^^^^ ' 
107 The composition of item loi or luo. 

or immobilized to a so.id support. ^^^^^^^^^ g,^, 

■ , t»m 107 Wherein said so.id support compnses beads. 
108. The composiuon of 't^^J ^j'^;^ ,3 „ depressions. 

110. The composition of item lOi or iuq, 
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125 The process of items 111. 115 or iio. 

126 The process of item i^o. 
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(a) proviamg 

/m\ a second nucleic acid pnmer or nu ,^r^<d^r element, and 

129 The process of item 12B. farther corr^prising-. 

Sing sa« P"™""^"^"" „ .„„ „ saM =ompo-«»" («> "* 

,„,„dea oue« acid .»,u.ac. (r«n pd„er.a<.a~*K, ™=le*= a«l 

ir.,™ said s^on" '™;^ 'Sd p^e, lo said c=a,osl«=n.M '^^'J^f^Jd rupleu: acid prima. 

131 . The process of item 130. wnei 

(d) are repeated. ^^i^ interest is present. 

,,,..,cc=aa..i»..e,«..aaa.dcp.piam....--^^^^^_^ 

o, item 132 whereir, said nucleic acid of -nterest W has 
133. The process of item i J^. « 
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or during said reaction mixture forming step (b). 

134. The process of any of items 128, 129, 130 or 131, wherein said detecting step (e) is carried out at specific 
intervals during or after any contacting step, extending step, or separating step. 

135. The process of item 128, wherein in the providing step (a), said reagents (v) comprise a thenr^ostable DNA 
polymerase. 

136. The process of items 129. 130 or 131 , wherein said separating step is carried out by thermal denaturation or 
strand displacement. 

137. The process of item 128, wherein In said providing step (a), either said first energy transfer element is an 
energy donor and said second energy transfer element is an energy acceptor, or said first energy transfer element 
is an energy acceptor and said second energy transfer element is an energy donor. 

138. The process of item 128, wherein in said providing step (a), more than one first nucleic acid primer or nucleic 
acid construct, or mpre than one second nucleic acid primer or nucleic acid construct, or both, are provided. 

1 39. The process of item 128, wherein In said providing step (a), said first energy element and said second energy 
element independently comprise fluorescein, fluorescein isothlocyanate (FITC), 6-carboxyfIuoresceln (6-FAM), 
naphthofluorescein, rhodamine, rhodamine 6G, rhodamine X, rhodol, sulforhodamine 101, tetramethylrhodamine 
(TAMRA), tetramethylrhodamineisothiocyanate (TRITC), 4,7-dichlororhodamine, eosin, eosinisothiocyanate {El- 
TC), dansyl, hydroxycoumarin, methoxycoumarin or p-(Dlmethyl aminophenylazo) benzoic acid (DABCYL), cya- 
nlne dyes, or derivatives of any of the foregoing. 

140. The process of item 1 39, wherein said cyanine dyes or derivatives comprises Cy3 or CyS. 

1 41 . The process of item 1 28, wherein at least one of said first or second nucleic acid primers or constructs or any 
primer-extended nucleic acid sequence Is fixed or immobilized to a solid support. 

142. The process of item 141, wherein said solid support comprises beads, tubes, microtiter plates, glass slides, 
plastic slides, microchip arrays, wells or depressions. 

143. The process of Item 1 41 , wherein said fixation or immobilization is direct or Indirect. 

1 44. The.process ot items 1 28, 1 29, 1 30 or 1 31 , wherein any or all of said steps are canried out in a closed container 
system. 

145. The process of item 144, wherein said closed container system comprises an illumination source and a de- 
tection device or unit. 

146. The process of item 128, wherein at least one of said nucleic acid primers or constructs further comprises a 
quencher. 

147. A composition of matter that comprises a nucleic acid strand, said strand comprising two or more ribonucle- 
otides, wherein at least one ribonucleotide comprises a first energy transfer element and wherein at least one 
other ribonucleotide comprises a second energy transfer element. 

148. The composition of item 147, wherein said first energy transfer element Is an energy donor and said second 
energy transfer element is an energy acceptor, or said first energy transfer element is an energy acceptor and said 
second energy transfer element is an energy donor. 

1 49. The composition of item 1 48, wherein said first energy element and said second energy element independently 
comprise fluorescein, fluorescein isothlocyanate (FITC), 6-carboxyfluoresceln (6-FAM), naphthofluorescein, rhod- 
amine, rhodamine 6G, rhodamine X, rhodol, sulforhodamine 101, tetramethylrhodamine (TAMRA), tetramethyl- 
rhodamineisothiocyanate (TRITC), 4,7-dichlororhodamine,. eosin, eosinisothiocyanate (EITC), dansyl, hydroxy- 
coumarin, methoxycoumarin or p-(Dimethyl aminophenylazo) benzoic acid (DABCYL), cyanine dyes, or derivatives 
of any of the foregoing. 
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• I .i^mpnt is an energy acceptor, or said first energy transfer element 
energy donor and said second energy transfer element ^^^J^^ f^ ^ _ ^^^^^ 
is an energy acceptor and said second energy transfer element .s an energy 

ef^r. /a^ Qaid first enerav element and said second energy 
162.Theprocessofitem153.whereininsaidprov,dmgst^^^^^^^^^^^ 

element independently --P-« tOI, tetramethy.rhodamine 

naphthofluorescein. rhodamine. rhodam.ne 6G "^^ ^iSororhodamine. eosln. eosinisothiocyanate (El- 

(TAMRA). tetrame^ylrhodamineisothiocyanate (JR TC^^^ aminophenylazo) benzoic acid (DABCYL). cya- 
TC), dansyl. hydroxycoumarin. methoxycoumarin or p-{Dimetnyi aminop y ; 
nine dyes, or derivatives of any of the foregoing. 

163 The process of item 162. wherein said cyanine dyes or derivatives compdses Cy3 or CyS. 
164Theprocessofitem153.whereinsaidtransc.ptso.ainedinstep(f)arefixedorimmo.^^^^^^^^^ 

plastic slWes. mtoochip arrays, xells Of 

,6S Th. proems «f nam 1 64, Wh.r.1. .«d .i«aMn .r ImmoMMtlor is direc. o, in*« 
,e,T«.p™c... .S3. ««ra,nan,»-.. ..id .»P. .".'n,=,osadc»n,.na,s,s,a., 

,es me process o„ca.,e7,«ne™insaldcl.s.dc.*e,s,s«.c..prl so... and a da-. 



tection device or unit. 



comprises a primer-extended sequence, and ■ 

wherein the second part comprises a nucleic ^^"^ 'J'^^^^S J/^^^^^ fluorescent first energy transfer 

:r::Sd:sSinro.7ra^^^«r;a^r:^»r 

,™™aco^osl«o,.e„,6,,w»e™»s.d..,ena,^..n=,er^e™„,.a.e™,»dono,.ndw.ar.ns»d 
second energy transfer element is an energy acceptor. 

said second energy transfer element is an energy donor. 
,..T.aco.pos»...l»..a.,»..el.^d„^^^ 

compnse lluorescetn. flcoresc.ln '"''»«'^"»" '^"^ST„T Muamethi^^rliodm^^ (TAMRA), telramelhyl- 

s:rsrror^i^~opt;::^ 

of any of the foregoing. . 

,n Tn.composi,iono.».m,72.»n.-.lnsaldcan,n.d,.so,d.n...v«c.-pds.sC,3orC,5. 
,„T..c».pos«ooo,l,..,es,«.a,.».sa. nucleic acid pind.,a,e„,co.pnsa,ap™.n.,apo^.p>-... 
US.™eco.p.«.l.no.n...74.««.™ins.«P»..,no,p*pap«.con,pnsesT4,.ne32p™>ein.SSBp,o.a,n^ 

50 or antibodies. 

„s.™.co^.sl«.no,».nn,..«..re.s.dn„c,e..c,d.«,n,a.en,co„pns.sa.n,.«randn.,...c» 

binding dye. 

« ,„™.c.„poa,.o„o,»^,e,.»ne.e.nsa,dn.cle.a««.ndM«.dor«™»i«d-«-«-««"- 

• T.e co.pos»on o, ,77. wn.,«n aa« .o,« s.ppo. c«.pnses »eads. ^« P«-. ^ 
slides., plastic slides, microchip arrays, wells or depressions. 
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nine dyes, or derivatives of any of the foregoing. 

209. The process of item 208. wherein said cyanine dyes or derivatives comprises CyS or Cy5. 

210. The process of item 195. wherein said nucleic acid primer or said primer-extended sequence is fixed or 
immobilized to a solid support. 

211 . The process of item 210, wherein said solid support comprises beads, tubes, microtiter plates, glass slides, 
plastic slides, microchip arrays, wells or depressions, 

212. The process of item 210, wherein said fixation or immobilization is direct or indirect. 

2 1 3. The process of items 1 95. 202. 203 or 204, wherein any or all of said steps are carried out in a closed container 
system. 

214. The process of item 213. wherein said closed container system comprises an illumination source and a de- 
tection device or unit. 

215. A process for detecting qualitatively or quantitatively the presence of a single-stranded or double-stranded 
nucleic acid of interest in a sample, said process comprising the steps of: 

(a) providing 

(i) a sample suspected of containing said nucleic acid of interest; 

(ii) a first nucleic acid primer or nucleic acid construct that comprises a nucleic acid sequence comple- 
mentary to at least a portion of one strand of said nucleic acid of Interest; 

••(iii) a second nucleic acid primer or nucleic acid constmct that comprises a nucleic acid sequence identical 

to at least a portion of said one strand; 

(iv) a nucleic acid binding agent comprising one or more first energy transfer elements; and 

(v) reagents for carrying out nucleic acid strand extension; 

wherein (ii), (iii) or both (ii) and (iii) comprise one or more fluorescent second energy transfer ele- 
ments; 

(b) forming a reaction mixture comprising (i). (ii). (iii). (iv) and (v) above; 

(c) contacting under hybridization conditions said first nucleic acid primer In said composition (ii) with one 
strand of said nucleic acid of interest and contacting under hybridization conditions said second nucleic acid 
. primer in said composition (Hi) with the complementary strand of said nucleic acid of interest if present: 

(d) extending said first nucleic acid primer and.sald second nucleic acid primer to form a first primer-extended 
nucleic acid sequence and a second primer-extended nucleic acid sequence if the complementary strand is 

present; , 

(e) binding said nucleic acid binding agent (iv) to a primer-extended nucleic acid.sequence or to a complex 
■ comprising said nucleic acid of Interest and a primer-extended sequence; and 

(f) detecting the presence or quantity of said nucleic acid of interest by means of energy transfer between a 
second energy transfer element in said first nucleic acid primer, said second nucleic acid pnmer. or both, and 
a first energy element in said nucleic acid binding agent (iv). 

21 6. The process of item 21 5. wherein in said providing step (a), the nucleic acid binding agent (iv) comprises a 
protein or a polypeptide. 

217. The process of item 216. wherein said protein or polypeptide comprises T4 gene 32 protein. SSB protein, 
histones or antibodies. 

218. The process of item 215. wherein said providing step (a), the nucleic acid binding agent (iv) comprises a 
single strand nucleic acid binding dye. 

219. The process of item 215. wherein said providing step (a), the nucleic acid binding agent (iii) comprises an 
intercalator. 
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220. The composition of item 219, wherein said intercalator comprises SYBR green I, ethidium bromide, a ho- 
modimer or a heierodimer that comprises ethidium bromide or derivatives. 

221 . The proceiss of item 215. further comprising: 

(b') separating said first primer-extended nucleic acid sequence from said nucleic acid of interest and sepa- 
rating said second primer-extended nucleic acid sequence from said complementary strand of said nucleic 
acid of interest if present; 

(c') contacting under hybridization conditions said first nucleic acid primer in said composition (ii) with, said 
second primer-extended nucleic acid sequence from step (b'), if said second strand is present, and contacting 
under hybridization conditions said second nucleic acid primer in said composition (iii) with said first primer- 
extended nucleic acid sequence from step (b'); and repeating said extending step (d) and said binding step 
(e) thereafter. 

222. The process of item 221 , further comprising the step (b") of separating said first primer-extended nucleic acid 
sequence from said second primer-extended nucleic acid sequence, and the step (c") of contacting under hybrid- 
ization conditions said first nucleic acid primer in said composition (ii) with said second primer-extended nucleic 
acid sequence from step (b"), and contacting under hybridization conditions said second nucleic acid primer in 
said composition (Hi) with said first primer-extended nucleic acid sequence frorh step (b"); and repeating said 
extending step (d) and said binding step (e) thereafter. 

223. The process of item 222, wherein said separating step (b"), said contacting step (c"), said extending step (d) 
and said binding step (e) are repeated. - ; 

224. The process of item 215, wherein said complementary strand of the nucleic acid of Interest is present. 

225. The process of item 215, wherein said nucleic acid of interest (i) has been rendered single stranded before 
or during said reaction mixture fonning step (b). 

226. The process of items 21 5, 221 . 222 or 223, wherein said binding step (e) is carried out after a separation or 
denaturation step. 

227. The process of any of items 215, 221 , 222. or 223, wherein said detecting step (e) is carried out at specific 
intervals during or after any binding step (e). 

228. The process of item 215, wherein In the providing step (a), said reagents (v) comprise a thermostable DNA 
polymerase. 

229. The process of items 215, 221 , 222, or 223, wherein said separating step is earned out by thermal denaturation 
or strand displacement. 

230. The process of item 215. wherein in said providing step (a), either said first energy transfer element is an 
energy donor and said second energy transfer element is an energy acceptor, or said first energy transfer element 
is an energy acceptor and said second energy transfer element is an energy donor. 

231 . The process of Item 215, wherein in said providing step (a), said first energy element and said second energy 
element independently comprise fluorescein, fluorescein isothiocyanate (FITC), 6-carboxyfluorescein (6-FAM), 
naphthofluorescein, rhodamine, rhodamine 6G, rhodamine X, rhodol, sulforhodamine 101, tetramethylrhodamine 
(TAMRA), tetramethylrhodamineisothiocyanate (TRITC). 4,7-dlchlororhodamine. eosin, eosinisothiocyanate (El- 
TC), dansyl, hydroxycoumarin, methoxycoumarin or p-(Dimethyl aminophenylazo) benzoic acid (DABCYL), cya- 
nine dyes, or derivatives of any of the foregoing. 

232. The process of item 231 , wherein said cyanine dyes or derivatives comprises Cy3, or Cy5. 

233. The process of item 215, wherein at least one of said first or second nucleic acid primers or constructs or any 
primer-extended nucleic acid sequence is fixed or immobilized to a solid support. 

234. The process of item 233, wherein said solid support comprises beads, tubes, microtiter plates, glass slides. 
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plastic Slides, microchip arrays, wells or depressions. 
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(e) binding said nucleic acid binding agent to said primer-extended sequence; and 

(f) detecting the presence or quantity of said nucleic acid of Interest by means of energy transfer between said 
first energy transfer element and said second energy transfer element. 

265. The process of item 264, wherein said providing step (a), there is at least other nucleic acid primer or nucleic 
acid construct complementary to a different portion of said nucleic acid of interest. 

266. The process of item 264, wherein said providing step (a), the nucleic acid binding agent (iv) comprises a 
protein or a polypeptide. 

267. The process of item 266, wherein said protein or polypeptide comprises T4 gene 32 protein. SSB protein, 
histones or antibodies. 

268. The process of item 264, wherein said providing step (a), the nucleic acid binding agent (iv) comprises a 
single strand nucleic acid binding dye. 

269. The process of item 264, wherein said providing step (a), the nucleic acid binding agent (iv) comprises an 
intercalator. 

270. The process of item 269, wherein said intercalator comprises SYBR green I, ethidium bromide, a homodimer 
or a heterodlmer that comprises ethidium bromide or derivatives. 

271 . The process of item 264. wherein said nucleic acid of interest (i) has been rendered single stranded before 
or during said reaction mixture forming step (b). 

272. The process of item 264, wherein prior to the detecting step (f), said process further comprises the step of 
(b*) separating said extended nucleic acid from the nucleic acid of interest and repeating the contacting step (c), 
the extending step (d) and the binding step (e). 

273. The process of item 264, wherein said separating step (b'), said contacting step (c), said extending step (d) 
and said binding step (e) are repeated one or more times. 

274. The process of itemis 264, 272 or 273, wherein said primer-extended sequence formed in said extending step 
(d) has been rendered single-stranded prior to said binding step (e). 

275. The process of item 264, wherein in the providing step (a), said reagents (v) comprises a thermostable DNA 
polymerase. . 

276. The process of items 272 or 273, wherein said separating step is earned out by thermal denaturation or strand 
displacement. 

277. The process of item 264, wherein , in said providing step (a), either said first energy transfer element Is an 
energy donor and said second energy transfer element Is an energy acceptor, or said first energy transfer element 
is an energy acceptor and said second energy transfer element Is an energy donor 

278. The process of item 264, wherein in sstid providing step (a), said first energy element and said second energy 
element independently comprise fluorescein, fluorescein isothiocyanate (FITC). 6-carboxyfluorescein (6-FAM), 
naphthofluorescein, rhodamine, rhodamine 6G, rhodamine X, rhodol, sulforhodamine 101. tetramethylrhodamine . 
(TAMRA), tetramethylrhodamineisothiocyanate (TRITC), 4.7-dichlororhodamine, eosin, eosinlsothiocyanate (El- 
TC), dansyl, hydroxycoumarin, methoxycoumarin or p-{Dimethyi aminophenylazo) benzoic acid (OABCYL), cya- 
nine dyes, or derivatives of any of the foregoing. 

279. The process of item 278, wherein said cyanine dyes or derivatives comprises Cy3 or CyS. 

280. The process of item 264, wherein said nucleic acid primer, said nucleic acid construct or said primer-extended 
sequencers fixed or immobilized to a. solid support. 

281 . The process of item 280. wherein said solid support comprises beads, tubes, microtiter plates, glass slides. 
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plastic slides, microchip arrays, wells or depressions. 

282. The process of item 280, wherein said fixation or immobilization is direct or indirect. 

283. The process of items 264, 272 or 273, wherein any or all of said steps are carried out In a closed container 
system. 

284. The process of item 283. wherein sajd closed container system comprises an illumination source and a de- 
tection device or unit. 

285. A process for detecting qualitatively or quantitatively the presence of a single-stranded or double-stranded 
nucleic acid of interest in a sample, said process comprising the steps of: 

(a) providing: 

(i) a sample suspected of containing said nucleic acid of interest; 

(ii) a first nucleic acid primer or nucleic acid construct that comprises a nucleic acid sequence comple- 
mentary to at least a portion of one strand of said nucleic acid of interest; 

(iii) a second nucleic acid primer or nucleic acid construct that comprises a nucleic acid sequence Identical 
to at least a portion of said one strand; 

(iv) one or more labeled nucleotides comprising a first energy transfer element; 

(v) a nucleic acid binding agent comprising one or more second energy transfer elenrients; and 

(vi) reagents for carrying out nucleic acid strand extension; . 

(b) fomning a reaction mixture comprising (i), (ii), (iii), (iv), (v) and (vl) above; 

(c) contacting under hybridization conditions said first nucleic acid primer or nucleic acid constnjct (ii) with one 
strand of said nucleic acid of interest and contacting under hybridization conditions said second nucleic acid 
primer or nucleic acid construct (iii) with the complementary strand of said nucleic acid of interest If present; 

(d) extending said first nucleic acid primer and said second nucleic acid primer to form a first primer-extended 
nucleic acid sequence and a second primer-extended nucleic acid sequence if the complementary strand Is 
present, thereby incorporating said labeled nucleotide or nucleotides; 

(e) binding said nucleic acid binding agent (v).to said first primer-extended nucleic acid sequence, and to said 
second primer-extended nucleic acid sequence if the complementary strand is present; and 

(f) detecting the presence or quantity of said nucleic acid of interest by means of energy transfer between said 
first energy transfer element and said second energy transfer element. 

286. The process of item 285, wherein in said providing step (a), the nucleic acid binding agent (v) comprises a 
protein or a polypeptide. 

287. The process of item 286, wherein said protein or polypeptide comprises T4 gene 32 protein, SSB protein, 
histones or antibodies. 

288. The process of item 285, wherein said providing step (a), the nucleic acid binding agent (v) comprises a single 
strand nucleic acid binding dye. 

289. The process of item 285, wherein said providing step (a), the nucleic acid binding agent (v) comprises an 
intercalator. 

290. The composition of item 289, wherein said intercalator comprises SYBR green I, ethidium bromide, a ho- 
modimer or a heterodimer that comprises ethidium bromide or derivatives. 

291 . The process of item 285, further comprising: 

(b*) separating said first primer-extended nucleic acid sequence from said nucleic acid of Interest and sepa- 
rating said second primer-extended nucleic acid sequence from said complementary strand of said nucleic 
acid of interest if present; 

(c') contacting under hybridization conditions said first nucleic acid primer in said* composition (it) with said 
second primer-extended nucleic acid sequence from step (b*). if said second strand is present, and contacting 
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336. A composition of matter that comprises a hybridized first and second nucleic acids, said first strand comprising 
two segments, the first segment comprising a primer or a nucleic acid construct; and the second segment com- 
prising a primer-extended sequence, 

said second strand comprising a nucleic acid probe hybridized to said primer-extended sequence or a portion 
5 thereof, and 

wherein said primer-extended sequence comprises one or more first energy transfer elements, and wherein said 
nucleic acid probe comprises one or more second energy transfer elements. 

337. The composition of Item 336, wherein said first energy transfer element Is an energy donor and wherein said 
10 second energy transfer element is an energy acceptor. . 

338. The composition of item 336, wherein said first energy transfer element Is an energy acceptor and wherein 
said second energy transfer element is an energy donor. 

15 339. The composition of item 336, wherein said first energy element and said second energy element independently 

comprise fluorescein, fluorescein isothlocyanate (FITC), 6-carboxyfluorescein {6-FAM), naphthofluorescein, rhod- 
amine, rhodamine 6G, rhodamine X, rhodol, sulforhodamine 101, tetramethylrhodamine (TAMRA), tetram.ethyl- 
rhodamineisothiocyanate (TRITC), 4,7-dichlororhodamlne, eosin. eosinisothiocyanate (EITC), dansyl, hydroxy- 
coumarin. methoxycoumarin or/>(Dimethyl aminophenylazo) benzoic acid (DABCYL),cyanine dyes, or derivatives 

20 of any of the foregoing. 

340. The composition of item 339, wherein said cyanine dyes or derivatives comprises Cy3 or CyS. 

341. The composition of item 336, wherein at least one of said nucleic acid strands is fixed or Immobilized to a 
25 solid support. 

342. The composition of item 341, wherein said solid support comprises beads, tubes, microtiter plates, glass 
slides, plastic slides, microchip arrays, wells or depressions. 

30 343. The composition of item 341 , wherein said fixation or immobilization is direct or indirect, 

344. A process for detecting qualitatively or quantitatively the presence of a single-stranded or double-stranded 
nucleic acid of interest in a sample, said process comprising the steps of: 

35 (a) providing 

(I) a sample suspected of containing said nucleic acid of interest; 

(ii) a nucleic acid primer or nucleic acid construct complementary to at least a portion of said nucleic acid 
of interest; 

40 (iii) labeled nucleotide or nucleotides comprising a first energy transfer element; 

(iv) a nucleic acid probe comprising one or more second energy transfer elements; and 

(v) reagents for carrying out nucleic acid strand extension; 

(b) fonming a reaction mixture comprising (i), (Ii), (iii), (iv) and (v) above; 
45 (c) contacting under hybridization conditions said nucleic acid primer in said composition (ii) with said nucleic- 

acid of interest; 

(d) extending said nucleic acid primer, thereby incorporating said labeled nucleotide or nucleotides; 

(e) separating said primer-extended sequence from said nucleic acid of interest (1); 
if) hybridizing said nucleic acid probe to said primer-extended sequence; and 

50 (g) detecting the presence or quantity of said nucleic acid of interest by means of energy transfer between 

said first energy transfer element and said second energy transfer element. 

345. The process of item 344, wherein said nucleic acid probe (iv) comprises modified nucleotides or nucleotide 

analogs. * 

55 

346. The process of item 344, wherein said nucleic acid probe (iv) comprises ribonucleotides or deoxyribonucle- 
otides; or both. 
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374. The process of item 373, wherein said solid support comprises beads, tubes, microtiter plates, glass slides, 
plastic slides, microchip arrays, wells or depressions. 

375. The process of Item 373, wherein said fixation or immobilization is direct or indirect. 

376. The process of items 360, 365 or 366, wherein any or all of said steps are carried out in a closed container 
systern. 

377. The process of iteni 376, wherein said closed container system comprises an illumination source and a de- - 
tection device or unit. 

378. A composition of matter that comprises a hybridized first and second nucleic acids, said first strand comprising 
at least one ribonucleotide, wherein said at least one ribonucleotide comprises a first energy transfer element; 
said second strand comprising: 

a nucleic acid probe hybridized to said first strand or a portion thereof, 

wherein said nucleic acid probe comprises one or more second energy transfer elements. 

379. The composition of item 378, wherein said nucleic acid probe comprises modified nucleotides or nucleotide 
analogs. 

380. The composition of item 378, wherein said nucleic acid probe comprises ribonucleotides or deoxyribonucle- . 
otides, prboth. 

381 . The composition of item 378, wherein said first energy transfer element is an energy donor and wherein said 
second energy transfer element is an energy acceptor. 

382. The composition of item 378, wherein said first energy transfer element Is an energy acceptor and wherein 
said second energy transfer element is an energy donor. 

383. The composition of item 378, wherein said first energy element and said second energy element independently 
comprise fluorescein, fluorescein isothiocyanate (FITC), 6-carboxyfluorescein (6-FAI\/l), naphthofluorescein, rhod- 
amine, rhodamine 6G, rhodamine X, rhodol,. sulforhodamine 101, tetramethylrhodamine (TAI\/1RA), tetramethyl- 
rhodamineisothiocyanate (TRITC), 4,7-dlchlororhodamine, eosin, eosinisothiocyanate (EiTC), dansyl, hydroxy- 
coumarin, methoxycoumarin orp-{Oimethyl aminophenylazo) benzoic acid (DABCYL), cyanihe dyes, or derivatives 
of any of the foregoing. 

384. The composition of item 383, wherein said cyahine dyes or derivatives comprises Cy3 or Cy5. 

385. The composition of item 378, wherein said first strand or said nucleic acid probe is fixed or immobilized 
indirectly to a solid support. 

386. The composition of item 384, wherein said solid support comprises beads, tubes, microtiter plates, glass 
slides, plastic slides, microchip arrays, wells or depressions. 

387. A process for detecting qualitatively or quantitatively the presence of a single-stranded or double-stranded 
nucleic acid of interest in a sample, said process comprising, the steps of: • 

(a) providing 

(i) a sample suspected of containing said nucleic acid of interest; 

(ii) at least one first nucleic acid primer or nucleic acid construct and optionally, a second nucleic acid 
primer or nucleic acid construct, wherein either the first nucleic acid primer or nucleic acid construct, or 
'said.optional second nucleic acid primer or nucleic acid construct comprises an RNA promoter sequence; 

(iii) one or more labeled ribonucleotides comprising a first energy transfer element; 

(iv) a nucleic acid binding probe comprising a second energy transfer element; . 

(v) reagents for carrying out nucleic acid strand extension and RNA transcription; 
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wherein N independently conriprises G, A, T or C, and wherein n Is an integer from one to eight. 

437. The composition of item 436, wherein in each such construct, the 5* end of said first segment is attached to 
the 3* end of said second segment, and the 5' end of said second segment is attached to the 3' end of said third 
segment. 

438. The composition of Item 436. wherein said desirable nucleic acid sequence comprises at least one prinner 
binding sequence or promoter sequence. 

439. The composition of item 438, wherein said primer binding sequence is homopolymeric or heteropolymeric. 

440. The composition of item 439, wherein said homopolymeric sequence comprises poly T, poly U, poly G, poly 
C or poly A. 

441 . The composition of item 439, wherein said heteropolymeric sequence comprises an RNA promoter sequence. ' 

442. The composition of Item 441 , wherein said RNA promoter sequence comprises a T3 promoter, a T7 promoter 
or an SP6 promoter. 

443. The composition of item 436, wherein said first segment comprises from about six to about fifteen universal ^ 
bases. 

444. The composition of item 436, wherein said first segment comprises four universal bases and n is 4, 

445. The composition of item 436. wherein said first segment comprises four universal bases and n is 6. 

446. The composition of item 436, wherein the universal bases in said first segment comprise inosine, 5-nitroindole 
or 3-nltropyrrole. 

447. The composition of item 436, wherein said chimeric nucleic acid constructs are incapable of strand extension. 

448. A process, for incorporating a desirable nucleic iacid sequence into an analyte or a library of analytes. said 
process comprising the steps of: - 

a) providing 

(i) said analyte or library of analytes; 

(ii) a set of chimeric nucleic acid constructs, each such construct comprising at least three segments, the 
first segment comprising four or more universal bases, the second segment comprising permutations of 
from one to eight nucleotides, the third seigment comprising a template for synthesizing said desirable 
nucleic acid sequence, 

wherein in said second segment, the permutations of from one to eight nucleotides comprise 

(N)n 

wherein N independently comprises G, A, T or C, and wherein n is an integer from one to eight; and ' 

(iii) reagents for carrying out hybridization and template-dependent strand extension; 

b) binding or hybridizing said chimeric nucleic acid construct (ii) to said analyte or library of analytes (I); and 

c) extending the 3' end of said analyte or library of analytes; 

wherein said third segment is a template for said extending step (c) when said second segment is hybridized to 
the 3' end of said analyte or library of analytes. 

449. The process of item 448, wherein in said providing step (a), each such construct, the 5' end of said first 
segment is attached to the 3* end of said second segment, and the S* end of said second segment is attached to 
the 3* end of said third segment. 



71 



EP 1 344 835 A2 

452. The process of Item 'va I . 

P°'y^- ^^mnrises an RNA promoter sequence. 

,33..eprocessontem.S..ere>nsa..eteropo.me.se.enceco.pnse^^^^^^^^^^^ 

an SP6 promoter. ^, ^^^,^^,3 comprise 

. AAn Wherein in said providing step (a), the anaiyie 
455 The process of item 448. wherein in s k 

.....p_....«».--"--=3-^^^^^^^^ 

«,T>„pro=e».M.e.4S»,w«.r=in„«l«-e«»-»"'-»-"'"""" 

about fifteen universal bases. , .^monses four universal bases . 

and n is 4. ^^mnri«5es four universal bases. 

-I- ^ et.»n the first segment compnses toui « 
463 The process of item 436. .herein in. said providing step (a) the f 

:::::r....«e.^e...p-.-...^.^^^^^^ 

fragnr^ent of Pol I. 

^ • e.on (W is carried at or near a temperature ar 

470. The process of Item ^o. •"'^ 
' • dlna step (a) the chimeric nucleic acid construct (ii) is on 

471 The process of ttem 448. wherein said providing step (a). 
Jeen^endered incapable of strand extension. 



i 



EP 1 344 835 A2 • • f ur or 

r:-^JI^_■--"-"■— 
.of item 472. further comprising a tmra y . rt^.rable nucleic acid se- 
,,S.T.e construct o,.tem 4 a third segment that comprises a des.ra.ie 

, ii72 further compnsmg 
479..The construct of .tern 472. 

.482. The construct of .tern 4 . ^^^ ^^^oter sequence, 

or poly A. ,„meric sequence compnses an RNAP 

. AR1 wherein said heteropolymencseq „„r a T7 promoter • 

486. A process for deavmg an anaWt _ 
prising the steps of. 

(a) providing: 

nf item 486. wherein »n saia pi 



10 



15 



20 



25 



30 




EP 1 344 835 A2 

489. The process of item 488, wherein in said providing step (a), the second segment in the composition (ii) com- 
prises modified nucleotides that render said second segment resistant to said restriction enzyme. 

490. The process of Item 486, wherein in said providing step (a), the composition (ii) further comprises a third 
segment comprising a desirable nucleic acid sequence. ^ 

491. The process of item 490, wherein said desirable nucleic acid sequence comprises comprises at least one 
primer binding sequence or promoter sequence. 

492. The process of Item 486, wherein in said providing step (a) the composition (ii) is or has been rendered 
Incapable of strand extension. 

493. The process of item 486, further comprising the step (d) of treating with a phosphatase. 

494. The process of item 486, wherein said providing step (a) reagents for strand extension are also provided. 

495. The process of item 494, further comprising the step of extending a 3' end in the remaining analyte or library 
of analytes, said 3* end having been produced by said endonucteolytic cleaving step (c). 

496. The process of item 495, wherein said extending step is carried out in the presence of one or more labeled 
nucleotides or oligonucleotides. 

497. A process for incorporating a desirable nucleic acid sequence into an analyte or a library of analytes, said 
process comprising the steps of: 

(a) providing: 

(i) said analyte or library of analytes; 

(ii) a chimeric nucleic acid construct comprising at least two segments, wherein the first of said two seg- 
ments is complementary to a first analyte nucleic acid sequence and wherein the second of said two 
segments is complementary to a second analyte nucleic acid sequence; 

(III) reagents for hybridization and endonucleolytic digestion; 

(iv) an endonuclease; and 

(v) reagents for strand extension; 

(b) fomning a mixture comprising (i), (II), (ill) and (iv); 

(c) hybridizing said chimeric nucleic acid construct (II) with said analyte or library of analytes (i), thereby forming 
a first complex between said first segment and said first analyte nucleic acid sequence, and a second complex 
between said second segment and said second analyte nucleic acid sequence; wherein said first complex is 
resistant to digestion by said endonuclease, and wherein said second complex comprises one or more sites 
sensitive to endonucleolytic digestion; 

(d) digesting said second complex with said endonuclease (iv); and 

(e) extending the 3'-end of said second analyte nucleic acid sequence, said G'-end having been generated by 
said endonuclease (iv), 

wherein said extending step (e) is carried out by template dependent polymerization or ligation. 

498. The process of item 497, wherein in the providing step (a), said analyte or library of analytes (1) comprise 
DNA, RNA. or a mixture of ONA and RNA. 

499. The process of item 497, wherein in the providing step (a), said first segment, said first analyte nucleic acid 
sequence comprises RNA, said second segment comprises ONA. said second analyte nucleic acid sequence 
comprise RNA and said endonuclease (iv) comprises RNase H. 

500. The process of item 497, wherein In the providing step (a), said second segment and said second analyte 
nucleic acid sequence comprise a recognition sequence for an asynimetric restriction enzyme. 

501 . The process of item 500, wherein said asymmetric restriction enzyme comprises N. BstN B I. 
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519. The construct of item 516, wherein the 5' end of said first segment Is attached to the 3' end of said second 
segment. 

520. The construct of item 516, wherein said homopolymeric sequence comprises ribonucleotides. 

521 . The constnjct of item 517. wherein said first segment comprises ribonucleotides and said second segment 
comprises deoxyribonucleotldes. 

522. The construct of item 516, wherein said specific endonuclease comprises Ribonuclease H (RNase H), 

523. The construct of item 517, wherein said homopolymeric sequence comprises ribonucleotides, said first seg- 
ment comprises ribonucleotides, said second segment comprises deoxyribonucleotides, and said specific endo- 
nuclease comprises Ribonuclease H (RNase H). 

524. The construct of item 517, wherein said homopolymeric sequence comprises oligo A or poly A. 

525. The construct of item 516, further comprising a third segment that comprises a desirable nucleic acid se- 
quence. 

526. The construct of item 525, wherein said desirable nucleic acid sequence comprises a primer binding sequence • 
or a promoter sequence. 

527. The construct of item 525. wherein said desirable nucleic acid sequence comprises one or more universal 
bases. 

528. A process for removing a portion of a homopolymeric sequence from an analyte or library of analytes, said 
process comprising: 

(a) providing: 

(I) said analyte or library of analytes; 

(ii) the construct of item 1 ; 

(iii) an endonuclease; 

(iv) reagents for hybridization and endonucteolytic digestion; 

■ (b) hybridizing the constnjct (ii) with said analyte or library of analytes (i) to form at least one second complex 
comprising the second segment in "said construct (ii) hybridized to said portion of said homopolymeric se- • 
quence, and at least one first complex comprising the first segment in said construct (ii) hybridized to a different 
portion of said homopolymeric sequence; 

(c) removing endonucleolytically said portion of the homopolymeric sequence hybridized to said second seg- 
ment in the second complex or complexes, 

529. The process of item 528, wherein said at least two nucleic acid segments comprise ribonucleotides, deoxyri- 
bonucleotides or conriblnations thereof. 

530. The process of Item 529. wherein said ribonucleotides or said deoxyribonucleotides comprise modified ribo- 
nucleotides, ribonucleotide analogs, modified deoxyribonucleotides, or deoxyribonucleotide analogs. 

.531. The process of item 528. wherein the 5' end of said first segment is attached to the 3' end of said second 
segment. . ^ . 

532. The process of Item 528. wherein said homopolymeric sequence comprises ribonucleotides. 

533. The process of item 529, wherein said first segment comprises ribonucleotides and said second segment 
comprises deoxyribonucleotides. 

534. The process of Item 528. wherein said specific endonuclease comprises Ribonuclease H (RNase H). 
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535. The process of items 528, 529 or 530, wherein said homopolymeric sequence comprises ribonucleotides, 
said first segment comprises ribonucleotides, said second segment comprises deoxyribonucleotides, and said 
speciric endonuclease comprises Ribonuclease H (RNase H). 

536. The process of item 528, wherein said homopolymeric sequence comprises oligo A or poly A. 

537. The process of item 528, further comprising a third segment that comprises a desirable nucleic acid sequence. 

538. The process of item 537, wherein said desirable nucleic acid sequence comprises a primer binding sequence 
or a promoter sequence. 

539. The process of Item 537, wherein said desirable nucleic acid sequence comprises one or more universal 
bases. 

540. The process of item 528, further comprising the step (d') of treating with a phosphatase. 

541 . The process of item 528, wherein said providing step (a) reagents for strand extension are provided. 

542. The process of item 541 , further comprising the step (d) of extending a 3* end in the remaining homopolymeric 
sequence, said 3* end having been produced by said endonucleolytic removing step (c). 

543. The process of item 542. wherein said extending step (d) is carried out in the presence of one or more labeled 
nucleotides or oligonucleotides. 

[0200] The following examples are offered by way of Illustration and not by way of limitation to the present invention. 

EXAMPLE 1 Preparation ofCv3 labeling reagent 

(a) Preparation of Compound I (2,3,3- Trimethylindolinium SSulfone) 

[0201] P-Hydrazlnobenzenesulfonic acid (250g) was mixed with glacial acetic acid (750 ml) and 3-methyl-2- bu- 
tanone (420 ml) and heated at reflux for 3 hr. The solution was poured into a 2 L beaker arid allowed to cool overnight. 
The resultant suspension was filtered, washed with acetic acid and lyophylized to remove residual acetic acid. The 
resultant solid was dissolved In methanol (1.5 L) and a saturated solution of potassium hydroxide in 2-propanol (900 
ml) was slowly added. The color of the solution turned progressively lighter as the potassium salt of 2;3,3- trimethyl- 
indolinium 5-sulfone precipitated. The precipitate was filtered by suction, washed with 2-propanoi and lyophilized to 
dryness to give 238 g of Compound I. 

(b) Preparation of Compound II 
(1-Ethyl'2,3,3'Trimethylindolenineninium S-Sulfone) 

[0202] A portion (78 g) of Compound I synthesized in step (a) was suspended in 1 ,2-dichlorobenzene (700 ml). Ethyl 
iodide (250 ml) was added and the mixture was heated at 90-1 00°C for 1 2 hr while stirring. The mixture was poured 
into 3 L of a 1:1 mixture of ethylacetate/ether and stirred for 2 hours. The resulting precipitate was filtered, washed 
with a 1:1 mixture of ethylacetate/ether and air-dried to give 68 g of product, Compound II. 

(c) Preparation of Compound III (G-Bromohexanoyl A llyl Amide) 

[0203] 6-Bromohexanoic acid (20g) and N-hydroxysuccinimide (1 5 g) were dissolved In 200 ml of anhydrous dimeth- 
ylfomriamide (DMF). Dicyclohexylcarbiimide (22 g) in anhydrous DMF (50 ml) was added and the mixture was left at 
room temperature overnight. The precipitated urea was removed by filtration and the DMF solution containing the 
product, N-hydroxysuccinimide-6-bromohexanoate, was cooled to -10 to -20 "C. An equlmolar amount of allylamlne 
In HjO (1 1 ml) was first brought to pH 8-9 with glacial acetic acid and then added slowly with stirring to the active ester. 
Solid sodium bicarbonate (1 Og) was added slowly to avoid excessive foaming and the mixture was left without covering 
until the temperature was raised to -10 °C In two hr. The mixture was poured into HgO (1L) and the product was 
extracted twice with chloroform (300 ml). The extracts were washed once with 1 N HCI in HgO, once with 5 % NaHCOQ 
(300 ml) and three times with 10 % NaCI in water. The chloroform phase was dried by addition of solid MgS04 and 
leaving it overnight under stining. The chlorofomfi was removed by evaporation under vacuum leaving a liquid that was 
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purification. . 

,t„noiCyS labeling reagent (Compoun (lOa^weredissoWed 
^^P^parat/cnofCy ^a.onyl aldehyde dianil hydrochon^^O^^^^ 

s.??r:r,SL— ^^^^ 

by centrifugation. .._„ed in 0.1 M Uhium acetate (pH 4) and ^.^^ ^"''"T ' h se'aside. Another 

by HPLC were combined logemer 
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with stimng under argon- ^ed, leaving behind a aa ^^.,,3 gtirnng. The pn o ^ 
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KglegWcy' .wewithar/gidHnKerarmandanaphey 

. i^H^led nucleotide y^fif^ 
EXAMPLE 5 Prepa«t/on of a labeled ,^,n.9.Propionic Acid) 

§is!2£t£- „/3 6Bls-Julo»WJno>'a"^''®" d heated al 130 »C 

natant «as discarded and W^^^^^p,,„dXlV).Th^ 

,Voph«izedtogwe3.6goP ,,,dUTPwitha . 

,,.«ac..e.o.a.el.a.c.o..de ^^^^^^^^ ^^^^ 

ngid .inker arm >.ere ^,,3 «ith a rigid linker arm 

preparation of compound XV f(2,3. ^fl^o cool overnig« at room 
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Of N-hydroxysuccinimide under stirring. A mixture of 22 g of dicyclohexyl carbodnmide f.^' ^ . 

t en added The mixture was left at room temperature overnight and the next day. "^ea was r^^^^^^^ ^^o o Z2 
a of Compound XVI from step (a) was dissolved in 100 ml of 50:50 mixture of ethanol and 1 M LiOH ,n HaO to hberate 
he amirih solution was neutralized with acetic acid to pH 8 and added to thefiftrate ^^^^^^"^^^^^^ 
of triethanolamine was slowly added to the solution over a 1 hour period. The mixture was left at ^^"'J^^erature 
oirrnightaT^er^^ 

(d) Preparation of Compour,d XVIII [(2.3.3 Trimethyl-3.H-indol.Syl) acetamido dlglycylallylamido 
ethylammonium Iodide] 

[0223] Chloroform was removed from Compound XVII.by vacuum. The glassy residue was ^j^^;]^'; ^00^^^ 

Eclowed by removal of the DMF by vacuum. The residue was mixed with ^^It^^^^^^^^^^^^ 
ethyr.odideandrefluxedat16hourat100'C.Aftercooling,thesolventwas removed by decam^^^^^ 

was triturated with ether to produce Compound XVIII. 

(e) Preparation of Cyanine dyes and Cyanine dye labeied nucleotides, 

m2241 compound XVIll was used without any further purification to synthesize the cyanine dyes as described in 
Examples 1 and 2, The structure of a Cy 3 analogue made with Compound XVlll is g.ven below. 
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The p,.«n=. Of m. lerminal .Ken. tod a.»»«l ol dUTP a. "'^^ 'i^^ 

35 Corp., Piscataway, NJ. 

EXAMPLE 7 meta-EthD, with and without DNA, 
a) Synthesis of meta-EthD 

[02251 The synthesis of mefa-EthO was carried out according to the method described '^y,'<";'";f "^^^^^^ 
diaoram of the synthetic steps is given in Figure 9. In this procedure, the 2-am.no-d,phenyl- ""^Pf""*^ J^^^f^"" 
ensed w^th^^^^^^^^^^ (2) to give the amide (3) which was then conver:ed to a =Vf ^ '^^^^ '^^^^^^^^^^^^^ 
(4). This compound (4) was hydrolyzed to give the acid (5), <^°-^^^'' '°^^^f^^^^^^^^ Te6uce6 it gite 

1.5-diamino-pentane to give the homodimer. The homodimer was methylated to give (7) which was.reducea gi 
the final product (8) mefa-EthD whose structure is given in Figure 2. 

b ; Spectral analysis 

r02261 mefa-EthO was excited at 493 nm and gave emission of 1 x 1 0^ counts/second at 6 1 7 nm (Figure 1 0A^ When 
doubll stTanid DNA was added, the emission increased to 6 x 10S (FigurelO B). In contrast, when excited a 
wavelentrof 350 n^^ the emission at 600 nm was 2 x 1 0^ counts/second that increased to approximately 3.25 x 1 06 
counts/second upon the addition of DNA (Figure 11 ). 

EXAMPLES Energy transfer between a donor nucleotide and an acceptor nucleotide 

r02271 The sequence of an amplicon that can be made from an HIV antisense construct is given In ^9"™ 12- A 
Stion of me derivation of this'construct is given in Liu et al.. (1 997) J. Virol TV, 4079-4085. PGR of target analytes 
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J02291 This example IS earned out as a 
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TGCACAU-CCGGAU-AGU-AGAr ^ ^ 

..U'AATGGU'GAGTATCCCU'GCCTAACTCU ^ 

3..uuuuuuuuuuTTTTQQQaQQQa-3- 
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3' end has been modifed to prevent extension. In J^'' , nucI. Acids Res. 25; 2266-2273 

Shibahara et al.. (1987) Nuci. Acids f^^-^-^^^'^J^^"'^^^^^^^ 

(both of which are incorporated by reference). The CNAC can be hybndized to a Horary 

a first complex with the oligo-uridine first ^^^^^^^^^ reco'nd p'lrtt of the poiy A tail; and 

a second complex with the oligo-thymidine second segmen ''°""f , ^ tails 

a third complex with the oligo-inosine third segment bound to a th.rd portion of the poly A 

lnthisexa.p,e.thefirstandthirdcom,exeswinbere..™ . 

fom, a substrate for RNAse activity since four ^^''^^''^.f /"^^^^^^^^^ oligoTs in the second complex and 

H at20-25-C (step B) should induce ^^'^-^^Vn the Po^ A segm^^^^^^^^ ^^^^^^ ^^^^^^.^^ 3. 

release of the cleaved poly A ta.l. Provs.on of dATP 'IC^ a"d ««v^^^^^^ J 3tep they may help 

of the mRNA (step C). Additional^, if these reagents described previously. It should be 

stabilize the binding of the CNAC to the 3" end after 'J^^^^'jfiJ ,sed as a template, it preferentially 

noted thatalthough the inosineiscapableofbindingtothepoly^^^^^^^^^ 

incorporates cytosine «^«'«''y '"^"^"f '"^.^^^^^^^ o onucleotlde containing a complementa,y o.igo- 

EXAMPLE 13 Addition of an RNA polymerase sequence to an analyte 
102321 ThisexampleiscarriedoutasdescHbedinExam^^^^^^ 

'unmodified ribonucleotides and contains ^^^^ ^^''^^^d nucleoul/^^^^^^^ ^^''^ 

(c), a new third complex is formed where the extended ,3, ,hen be used to generate a 

egment comprises ribonucleotide. This is a ^"^J^ J '"^'l^^^^^^^^^ RNA promoter sequence. A primer 

single-stranded segment at the 3' end of the -"^A th^^^^^^^^ n,RNA to synthesize a cONA with a 

with promoter-sequence can then be hybnd.zed to f^^^"^^^^^^^^^^^ E,3^p,e 1 2. The remaining portion of 

TcrACrb^e:!!^^^^^^^^ 
event. 

,,^^,UE14 Preparation of a Oio.etane Deriyati.e t.at is Capatie ,f Li.Ht Generation After an Emyme 
Catalyzed Intrachain Rearrangement 

,0233, A schematic of the steps that can be used to — .J—^^^^^^^^^^^ 
dioxetaneisshownin Figure 14. The series of steps shown mthssche^^^^^^^ .^9.^^ ^^^^^ 

sites of a cyclic ring as disclosed and defined in the present invention. 

,,^„P,E1S Potential Series of Enzyme Dependent Events w/fh Compound (f) from E.ampie 14. 

10234, InthepresenceofAcylasel.acleavageev^^^^^^^^ 

compound (0 being converted to compound (g) ^^^^J S" 0";^° '^^P^J^^.J^^^^ ^^e transition state, compound 
benz6yl residue in compound (g) and subsequent '^T^;''"" °' " = ^^^.'^^..on. The presence of the phenoxy group 
(h), the internal rearrangement to produce compo^'l (0^^^^^^^ ^"1' i it decomposes. It has been previously 
!n compound (i) makes it an unstable d.oxe^ne f ^^e ^^^^^^^^^^ acyl residue and a primary amine orthiol 

^re^drcrrStot^^^^^ 

L is at the end of a chain aaached to one site of J^^^'jJ; :'3S^^^^^^^^ that is attached to a 

G1 is a free primary amine. The reaction continues wjh f/f =^'"9 JJ^^ rearrangement takes place 
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and generation of an unstable light emitting dioxetane. . 

[0236] Many obvious variations will no doubt be suggested to those of ordinary si<ill in the art in light of the above 
detailed description and examples of the present invention. All such variations are fully embraced by the scope and 
spirit of the invention as more particularly defined in the claims that now follow. 
5 . ' 
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<160> . . 

<210> ^„ 
<211> 20 

^2i2> DMA sequence 

. <213> A-^-^'-^^ ..e-. Pri.mer 

•^r^rial sequence. 

<223> DescrJ.pt ^^.^^^ 
SSoescrip.iono.Co^-^ 

.o.U.e. -e ^^^^ , ...-nourescen. 

<222> \^^...ne moiety «^°<i^^,^® 
<^"^ ^aifao xanthene 

<220>. ..fvedbase ^„-£lourescent 
<221> - fied with a txon-fl° 

<222> moiety modifieo 

<210> ^ • 
- <2U> 

<212> O^^.^.cial sequence 
<213> i^rtLf^ciai 
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.r-^-iaL sequence. 
<"0> criPtion of ^rtxf-"'^^ 
<223> Oescripti 

^inedOSA/W»AMolecuie. 

<220> • ^^.ption of CoioloJ.ned 
<223> Oescripti 
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<220^ f led base 
<221> modiEi-e°_ 
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<222> (6) 

<223> Uridine moiety modified with a non-f lourescent 
3-amino xanthene 

<220> 

<221> modified_base 
<222> (12) 

<223> Uridine moiety modified with a non-f lourescent 
. 3-amino xanthene 

<220> 

<221> modified_base 
<222> (15) 

<223> Uridine moiety modified with a non-flourescent 
3-amino xanthene 

<400> 2 

gcacauccgg auaguaga 



<210> 3 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
probe sequence 

<220> 

<223> Description of Combined DNA/RNA Molecule: Synthetic 
probe sequence 

<220> 

<221> modified_base 
<222> (1) 

<223> Uridine labeled with Texas Red 
<220> 

<221> modif ied_base 
<222> (7) 

<223> Uridine labeled with Texas Red 
<220> 

<221> modified base 
<222> (17) 

<223> Uridine labeled with Texas Red 
<220> 

<221> modified base 
<222> (27) 

<223> Uridine labeled with Texas Red 
<400> 3 

uaatggugag tatcccugcc taactcu 
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<210> 4 
<211> 22 
<212> DNA 

<2U> Artificial Sequence 



<220> . „ of Artificial Sequence: Synthetic chimeric 

<"^>' rcreifaSdlo^sSSt sequence 

<220> , rontoined DNA/RNA Molecule: Synthetic 

SSifc^ucfeicTirconstruct sequence 



. <220> 

<221> modified^base 
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<400> 4 

20 uuuuuuuuuu ttttnnnnnn nn 

<210> 5 " 
<211> 33 • . 

<212> DNA ■ • 

" <213> Artificial sequence 

. oescriptio, of «tifi=iai s.^^^- 

'^^accU "t,c«t,, .tc„,=t., =" . 
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<212> DNA 
<213> Artificial Sequence 

<220> . artificial Sequence: Primer • 

<223> Description of Artiticia 

20 

<400> 6 . . ^ ■ 

. catgatccgg atgggaggtg 
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<211> 27 



<212> DNA 

<213> Artificial Sequence 

<220> . ^- Artificial Sequence: Synthetic 

<223> Description of Artirici 
probe 
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<211> 

<213>- Human ttnnunoae 
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Sf> artificial sec^ence 

<"0> .,,,on of Artificial Sequence: Pri-er 

<223> Description o 
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S?> Artificial sequence 





•=.1 sequence: Primer 
<220> -otion of Mtificxal Sequ . 

iSSaU a« a«..aaa« aaa 



aaaaa 

<210> 11 
<211> 1^ 



fnf> Ttif i^^-^ ^^^'^^'^^ 

sequence: Printer 
<220> ,„tion of Artificial seq 

<223> Description 

<400> 11 
aaaaaaaaaa aaaa 
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^^^^""^ t»o;isl two parts: 

a first part compnsmg at least 

thatcotr^prises .. ' , a oortion ot a nucleic acio 

inucleicaddsequenceswn «cid cor^siruct does r.ot compnsj J^^^^^ 
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• (a) providing 
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interest if present; 3 first nude.c ^^^^f^^^^^^ step (e). and coniactmg 

(g) detecting by means of ^^'^'"^\ 

or quantity of said nucleicaad of .nterest. ^^^^^ 
acid of interest in a sample, saiapr 
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(a) providing 
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(A) a nucleic acid sequence.. 

Uafirstenergytransfereiement. . ..^sfer element; and .. 

^^^^^ 

td) extending said nucie<c aad pnmerby m . ^^^^^^^^ ^^^^^^^ 

^^o-iorated nucieotide. ..,ce of a single-stranded or double-stranded nucleic 

antitatively the presence of a s.ng 
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strand of said nucleic ^^^'^ ° .I"^^^^^^^^^^ strand .^rm a Hrst primer-extended 

nucleic acid sequence and a secon h ■ 
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laid second primer-extended nucle,c ac.d q ^^^^^^.^.^^ ^.^ 3^,^ 

n^eni comprising a pnmer or a^^^^ 
acid of interest in a sample, said proc 

ii) a nucleic acid Pn'^f ^ ,cid of interest and ^ ^ „,"„3,er element, and one 

a. first energy transfer element and 3,„.e-stranded or double-stranded nuc.e.c 
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(e) detecting the presence or quantity of said nucleic acid of interest by means of energy transfer between 
said first energy transfer element and said second energy transfer element. 

11 . A composition of matter that comprises a nucleic acid strand, said strand comprising two or more ribonucleotides, 
wherein at least one ribonucleotide comprises a first energy transfer element and wherein at least one other ribo- 
nucleotide comprises a second energy transfer element. 

12. A process for detecting qualitatively or quantitatively the presence of a single-stranded or double-stranded nucleic 
acid of interest in a sample, said process comprising the steps of: 

(a) providing 

(i) a sample suspected of containing said nucleic acid of interest; 

(il) at least one first nucleic acid primer or nucleic acid construct and optionally, a second nucleic acid 
IS primer or nucleic acid construct, wherein either the first nucleic acid primer or nucleic acid construct, or 

said optional second nucleic acid primer or nucleic acid construct comprises an RNA promoter sequence; 
(ill) one or more first ribonucleotides. said first ribonucleotides comprising a first energy transfer element, 
and one or more second ribonucleotides, said second ribonucleotides comprising a second energy transfer 
element; 

20 (Iv) reagents for carrying out nucleic acid strand extension and RNA transcription; 

(b) forming a reaction mixture comprising (i), (ii) and (iii) above; 

(c) contacting under hybridization conditions said first nucleic acid primer or nucleic acid construct (ii) with one 
strand of said nucleic acid of interest; 

25 (d) extending said nucleic acid primer to form a primer-extended nucleic acid sequence; 

(e) synthesizing a second nucleic acid strand complementary to said primer-extended nucleic acid sequence 
or a portion thereof, thereby forming a double-stranded nucleic acid; 

(f) transcribing said double-stranded nucleic acid fomied in step (e) to incorporate said first and second ribo- 
nucleotides (iii) into transcripts; 

30 (g) detecting the presence or quantity of said nucleic acid of interest by means of energy transfer between 

said first energy transfer element and said second energy transfer element; 

wherein said transcribing step (f) is carried out by said RNA promoter sequence in either the primer-extended 
nucleic acid sequence or the second nucleic acid strand synthesized in step (e). 

35 13. A composition of matter that comprises two parts, wherein the first part is a nucleic acid strand comprising two 
segments, the first segment comprising a nucleic acid primer or nucleic acid construct, and the second segment 
comprises a primer-extended sequence, and 
wherein the second part comprises a nucleic acid binding agent, 

wherein said nucleic acid primer or nucleic acid constmct comprises one or more fluorescent first energy transfer 
40 . elements and wherein said nucleic acid binding agent comprises one or more second energy transfer elements. 

1 4. A composition of matter that comprises 

(a) two nucleic acid strands, 

45 wherein at. least one of said strands comprises two segments, the first segment comprising a nucleic acid 

primer or nucleic acid construct, and the second segment connprising a primer-extended sequence, and 

(b) a nucleic acid binding agent, 

wherein said nucleic acid primer or nucleic acid construct comprises one or more fluorescent first energy transfer 
so elements and wherein said nucleic acid binding agent comprises one or more second energy transfer elements. 

1 5. A process for detecting qualitatively or quantitatively the presence of a single-stranded or double-stranded nucleic 
acid of interest In a sample, said process comprising the steps of: 

55 (a) providing 

(i) a sample suspected of containing said nucleic acid of interest; 

(ii) a nucleic acid primer or nucleic acid construct that comprises . 
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(a) providing ,hp,c acid of interest; add sequence comple- 

• m rnO (iv) and (V) above; . ... ^on-position (ii) one 
(c) contacting under nyona contacting under ny ^^^^j ,nteresi n p 

^^^^ ^ 

present; . „,,cieic acid binding agent (w) w h u^nce; and .ransfer between a 
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acid binding agent. 
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(a) providing ,m«c acid of interest; teast a portion of said 

(ii) at least one nucleic acuH , transfer element; 

la) providing: _ .^^^^^3, ^ ^^^^ ^^„p,e- 

, 21 A composition of mauertnat comprises-. ^ ,,onucleotides. 
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(a) providing 

,i, o. mo,e laweo """"'^""'^"''"I^S.a e«"w Z^<e, element 
two segments, the first segment comprising a.pnmer 

Srco^n^rr^^^^^^^^^ - pro. .v..ze. to s.. P— .e. sequence or a port.o 

thereof, and ' .^^^ ^^re first energy transfer elements, and wherein sa.d. 

wherein said primer-extended ^^^^^^^l^^^^^^^^^^^^^^ elements. 

nucleic acid probe comprises one or more second energy ^H„nH«ic 
(a) providing 

of interest; ^^^„ricinn a first energy transfer element; 

(Hi) labeled nucleotide or nucleotides compns.ng a first e gy 

acid of interest; ,Hor<.h« incoroorating said labeled nucleotide or nucleotides, 

(d) extending said nucleic acid pnmer, thereby ^^^^'^^^^^^ ^^id of interest (i): 

nf fl -iinale-stranded or double-stranded nucleic 



(a) providing: 



EP 1 344 835 A2 

(i) a sample suspected of containing said nucleic acld of interest; 

(ii) a first nucleic acid primer or nucleic acid construct that comprises a nucleic acid sequence comple- 
mentary to at least a portion of one strand of said nucleic acid of interest; 

(iii) a second nucleic acid primer or nucleic acid construct that comprises a nucleic acid sequence identical 
5 to at least a portion of said one strand; 

(iv) one or more labeled nucleotides comprising a first energy transfer element; 

(v) a nucleic acid probe comprising one or more second energy transfer elements; and 

(vi) reagents for carrying out nucleic acid strand extension; 

'0 (b) forming a reaction mixture comprising (i), (ii), (iiij, (iv), (v) and (vi) above; 

(c) contacting under hybridization conditions said first nucleic acid primer or nucleic acid construct (ii) with one 
strand of said nucleic acid of interest and contacting under hybridization conditions said second nucleic acid 
primer or nucleic acid construct (iii) with the complementary strand of said nucleic acid of interest If present; 

(d) extending said first nucleic acid primer and said second nucleic acid primer to form a first primer-extended 
'5 nucleic acid sequence and a second primer-extended nucleic acid sequence if the complementary strand is 

present, thereby incorporating said labeled nucleotide or nucleotides; 

(e) separating said first primer-extended nucleic acid sequence and said second primer-extended nucleic acid 
sequence if produced in step (d); 

(0 hybridizing said nucleic acid probe (v) to said first primer-extended nucleic acid sequence, orto said second 
20 primer-extended nucleic acid sequence; and 

(g) detecting the presence or quantity of said nucleic acid of Interest by means of energy transfer between 
said first energy transfer element and said second energy transfer element. 

26. A composition of matter that comprises a hybridized first and second nucleic acids, said first strand comprising at 
25 least one ribonucleotide, wherein said at least one ribonucleotide comprises a first energy transfer element; 

said second strand comprising: 

a nucleic acid probe hybridized to said first strand or a portion thereof, 
30 wherein said nucleic acid probe comprises one or more second energy transfer elements. 

27. A process for detecting qualitatively or quantitatively the presence of a single-stranded or double-stranded nucleic 
acid of interest in a sample, said process comprising the steps of: 

55 (a) providing 

(I) a sample suspected of containing said nucleic acid of interest; 

(ii) at least one first nucleic acid primer or nucleic acid construct and optionally, a second nucleic acid 
primer or nucleic acid construct, wherein either the first nucleic acid primer or nucleic acid construct, or 
^0 said optional second nucleic acid primer or nucleic acid construct comprises an RNA promoter sequence; 

(Iii) one or more labeled ribonucleotides comprising a first energy transfer element; 

(iv) a nucleic acid binding probe comprising a second energy transfer element; 

(v) reagents for carrying out nucleic acid strand extension and RNA transcription; 

^5 (b) forming a reaction mixture comprising (i). (ii), (iii), (iv) and (v) above; 

(c) contacting under hybridization conditions said first nucleic acid primer or nucleic acid construct (ii) with one 
strand of said nucleic acid of interest; 

(d) extending said nucleic acid primer to form a primer-extended nucleic acid sequence; 

(e) synthesizing a second nucleic acid strand complementary to said primer-extended nucleic acid sequence 
50 or a portion thereof, thereby forming a double-stranded nucleic acid; 

(f) transcribing said double-stranded nucleic acid formed in step (e) to incorporate said labeled ribonucleotides 
(iii) into labeled transcripts; 

(g) hybridizing said nucleic acid probe (iv) to said labeled transcripts; 

(h) detecting the presence or quantity of said nucleic acid of interest by means of energy transfer between 
55 said first energy transfer element and said second energy transfer element; 

wherein said transcribing step (f) is earned out by an RNA promoter in either the primer-extended nucleic acid 
sequence or the second nucleic acid strand synthesized in step (e). 
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A) Binding of CNAC to poly A tail ^^j^ ^ ^^j, 

-i5^AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA-3' 
UUUUUUUUUUTTTTQQQQQQQQ 



CNAC 



B) elimination of poly A 
segment by RNose H 



RNose H 



U=Uridine (ribonucleotide) 
T=Thymidine (deoxyribonucleotide) 
Q=Inosine (ribonucleotide) 



-^^^^ AAAAAAAAAAAAAA -3^ 

UUUUUUUUUUTTTTQQQQQQQQ 



CNAC 



C) Incorporation of primer 
binding site by template 
dependent extension of onolyte 



Reverse 
Transcriptase 



-125!^ AAAAAAAAAAAAAAAAAACCCCCCCC -3'' 
UUUUUUUUUUTTTTQQQQQQQQ 



CNAC 



0) Removal of CNAC and binding of primer with promoter sequence 



GGGGGGGG-promoter-5'' 
AAAAAAAAAAAAAAAAAACCCCCCCC -3^ 
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